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by 

Leroy  C.  Wilson  and  Edmund  L.  Worthen. 


THE  LOWER  ILLINOISAN  GLACIATION. 
EXTENT . 

"The  Lower  Illinoisan  Glaciation"  is  trie  name  given  to  a 
large  area  of  soil  in  the  Southern  part  of  this  state.    It  ex- 
tends from  the  Shelby ville  Moraine  on  the  North  to  the  Ozark 
Spurs  on  the  South;  and  East  from  the  low  lying  hills  which 
extend  from  Christian  to  Stciair  County  to  the  Wabash  River. 
It  includes  all  of  Effingham,  Jasper,  Clay,  Marion,  Fayette, 
Hamilton,  Perry,  Franklin,  Richland,  Washington,  Jefferson, 
and  Vfayne;  and  parts  of  Shelby,  Cumberland,  Clark,  Crawford, 
Lawrence,  White,  Edv/ards,  Gallatin,  Saline,  Williamson,  Ran- 
dolph, Monroe,  Stciair,  Wabash,  Clinton,  Bond,  Montgomery, 
and  Edgar  Counties. 


o 


2. 


SOILS. 


The  soils  of  this  area  are,  as  the  name  implies,  of  gla-  | 
cial  formation,  being  the  result  of  the  disintergration  of  1 
the  drift  material  of  the  Illinoisan  Glacier.    After  a  long 
period  this  glaoial  deposit  was  covered  with  a  fine  silty  ma- 
terial which  is  XnoTTn  as  loess.    The  depth  of  this  loess  var- 
ies from  one  to  six  feet,  except  along  the  rivers  where  it  is 
much  deeper,  "being  from  fifteen  to  as  high  as  one  hundred  feet 
in  thickness.    There  are  two  principal  types  of  soil  in  this 
area;  that  foiuid  on  the  upland  praries,  and  that  found  in  the 
bottom  lands  along  the  streams.    The  soils  of  the  upland  prar- 
ies are  much  more  extensive  than  those  of  the  lowlands,  and  i 
consist  of  a  light  brown  to  whitish,  very  silty  loam  contain- 
ing a  very  small  percentage  of  organic  matter.    This  type  | 
which  is  the  principal  one  of  the  area  is  known  as  the  Lower 
Illinoisan  Glaciation  Prarie,  called  Marion  Silt  Loam  the 
Bureau  of  Soils  of  the  United  States  Department  of  Agriciil-  j| 
ture,  and  is  supposed  to  have  been  formed  directly  from  the 
debris  left  by  the  Illinoisan  Glacier  while  somewhat  later  it 
was  covered  with  a  shallow  deposit  of  loess.    This  debris  con- 
sisted chiefly  of  materials  ground  up  from  the  rocks  of  the 
Coal  Measures  and  brought  down  from  the  North.    This  is  shown 
by  the  character  of  the  rocks  found  in  the  subsoil,  and  which 
increase  in  number  as  the  depthn  of  the  soil  increases  showing 
that  the  upper  soil  has  been  weathered  from  similar  materials. 
This  is  further  strengthened  by  the  large  amount  of  silica 
and  the  relatively  small  amount  of  plant  food  in  the  soil  which 
tends  to  show  that  it  was  formed  from,  such  rocks  as  sandstones 
and  shales.   | 
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MECHANICAL  ANALYSIS. 
The  following  table  shov/s  the  Mechanical  Analysis  of  the 
principal  type  of  the  area  talcen  from  the  1902  Report  of  the 
Field  Operations  of  the  Bureau  of  Soils  report  of  Clay  Go. 
Mechanical  Analysis  of  Marion  Silt  Loam. 


No. 

Or- 
Mat . 

Gravel 

\j  . 

Sand 

JuC/U.  . 

Sand 

r  JLXit? 

Sand 

Very 
Sand 

Silt 

1 
1 

Clay 

7370 

1.75 

0.26 

2.40 

2.73 

5.26 

2.90 

70.08 

15.52 

7379 

1.63 

0.04 

1.64 

1.80 

3.84 

6.36 

67.24 

18.14 

7373 

1.49 

0.24 

1.80 

2.42 

4.98 

2.84 

68.52 

19.18 

7371 

0.77 

0.98 

2.16 

2.48 

4.70 

2.88 

69.54 

17.24  i 

7380 

0.48 

0.98 

2.24 

2.40 

3.40 

5.84 

66.60 

18.06 

! 

7374 

1.34 

0.60 

1.70 

2.82 

5.44 

7.10 

61.14 

20.66 

7375 

0.54 

0.60 

1.28 

2.18 

4.24 

5.70 

58.32 

26.94 

7372 

1 

0.82 

0.28 

1.42 

1.78 

3.14 

1.92 

60.90 

30.32 

7381 

0.29 

0.44 

1.04 

1.24 

2.74 

4.32 

50.48 

39.30 

No.  7370,  silt  and  sandy  loam,  0  to  12  inches,  taken  1  3/4 
miles  Noljth  &  1/2  mile  West  of  Biblegrove. 

No.  7379,  silt  and  sandy  loam,  0  to  12  inches,  taken  4 
miles  West  of  Louisville. 

No.  7373,  liJ^ht  gray  silty  loam,  0  to  12  inches,  taken 
11/2  miles  North  of  Flora. 

No.  7371,  silt  and  sand,  12  to  18  inches,  subsoil  of  7370. 

No.  7380,  silt  and  sand,  12  to  18  inches,  subsoil  of  7379. 

No.  7374,  silt  and  sand,  12  to  20  inches,  subsoil  of  7373. 

No.  7375,  silty  clay,  20  to  36  inches,  subsoil  of  7373. 

No.  7372,  silty  clay,  18  to  36  inches,  subsoil  of  7370. 

No.  7381,  silty  clay,  18  to  36  inches,  subsoil  of  7379. 


According  to  the  above  analysis  about  tv/o  thirds  of  the 
soil  is  made  up  of  silt,  about  one  sixth  of  olay,  and  a  twen- 
tieth of  fine  sand.  Small  amounts  of  coarse  sand  and  gravel 
are  also  found  but  these  are  in  such  small  amounts  that  they 
have  little  effect  on  the  character  of  the  soil.  The  organic 
matter  in  the  soil  is  very  low  as  the  analysis  shows,  and  as 
is  also  indicated  by  the  -uniform  light  character  of  the  soil 
itself. 

PHYSICAL  CONDITION. 

The  physical  condition  of  the  soil  is  very  poor,  in  as 
much  as  the  impervious  nature  of  the  subsoil  interferes  con- 
siderably with  proper  drainage.    Between  the  surface  soil  and 
the  subsoil  there  is  found  a  white  layer  commonly  refered  to 
as  "hardpan".    Although  the  layer  resembles  a  hardpan,  it  is 
not  a  hardpan  in  the  true  sense  of  the  word,  as  it  is  the 
subsoil  rather  than  this  layer  which  is  so  impervious  to  water. 
The  depth  of  this  white  layer  varies  considerably,  in  some 
places  none  being  found  while  in  others  it  forms  a  rather 
thick  layer.    This  layer  often  puddles  easily  so  interferes 
with  the  proper  root  growth  of  plants. 

This  "hardpan"  problem  is  discussed  hy  Mr.  G.  N.  Coffey 
in  the  1902  Report  of  the  Field  Operations  of  the  Bureau  of 
Soils,  report  on  Clay  County,  and  is  given  below, 

"One  of  the  most  important  soil  problems  of  Clay  County 
and  the  surrounding  region  lies  in  the  hardpan  stratum  of 

subsoil  of  the  Marion  Silt  Loam.    This  term  "hardpan",  ad 
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as  used  in  the  area  surveyed,  refers  sometimes  to  the  whitish 
layer  between  the  soil  and  the  true  subsoil,  and  sometimes  to 
the  hard,  rather  impervious  subsoil  itself.     It  is  believed 
by  some  that  the  impermeability  of  the  Marion  silt  loam  is 
due  to  the  whitish  layer,  but  the  writer,  for  resons  which 
will  presently  appear,  inclines  rather  to  the  opinion  that  it 
is  due  to  the  Underlying  layer  and  that  the  presence  of  the 
white  layer  is  simply  the  result  of  the  impervious  character 
of  the  underlying  subsoil. 

"This  so-called  hardpan  greatly  impairs  the  agricultur- 
al value  of  the  land.    Its  injurious  effects  are  chiefly  felt 
in  two  ways,  namely:  It  hinders  the  development  of  the  roots 
and  prevents  the  maintanence  of  the  proper  moisture  conditions 
the  soil  seeming  to  be  capable  of  holding  but  a  very  small 
moisture  reserve.    Water  percolates  through  the  hardpan  lay- 
er very  slowly,  and  this  layer  is  easily  puddled  and  in  that 
condition  holds  water  like  a  pan. 

"The  texture  of  the  subsoil,  as  shown  by  the  Mechanical 
Analysis,  is  not  such  as  would  indicate  as  impervious  a  char- 
acter as  is  possessed  by  this  soil,  and  the  reason,  or  reasons 
for  this  marked  characteristic  is  not  evident.    There  are  two 
explanations  which  suggest  themselves:  Either  the  condition 
might  result  from  an  impervious  layer  beneath  the  soil,  or 
else  from  some  peculiarity  in  the  structure  of  the  soil  it- 
self.   An  examination  shows  that  there  is  no  impervious  layer 
below  the  subsoil  that  could  cause  the  condition,  and  so  one 
must  conclude  that  it  is  due  to  some  peculiarity  in  structure. 


"Iron  is  always  more  or  less  abundant,  and  in  sorne  cases 
is  present  in  sufficient  quantities  to  form  almost  an  iron 
••hardpan".    It  is  seen  in  both  soil  and  subsoil  in  the  form 
of  iron  concretions,  and  wherever  the  iron  appears  to  exist 
in  the  greatest  quantity  there  the  subsoil  seems  most  imper- 
vious.   The  presence  of  so  large  an  amount  of  iron  in  the  soil 
has  already  been  stated  as  probably  due  to  the  fact  that  the 
glacial  material  was  derived  principally  from  the  rocks  of 
Coal  Measures,  which  contained  bands  of  iron  ore  as  well  as 
ferruginous  sandstone.    It  may  be  that  the  presence  of  the 
iron  gives  the  soil  its  impervious  character  by  filling  up  the 
small  spaces  between  the  soil  grains  and  by  more  or  Iogs  coat- 
ing and  cementing  them  together,  so  that  the  water  cannot 
readily  pa^^s  through  the  resulting  loosely  bound  conglomerate. 

"It  was  noticed  that  v/herever  there  was  good  drainage, 
as,  for  instance,  near  the  streairis,  the  subsoil  appeared  to 
contain  less  iron  and  was  more  pervious.    The  fact  was  also 
observed  that  the  bottom  soils  here,  which  have  been  formed 
from  the  wash  from  the  uplands,  contain  many  indications  of 
the  presence  of  large  ainounts  of  iron,    on  the  slopes  where 
the  water  can  drain  off  readily  through  the  soil  the  iron  has 
undoubtedly  been  partially  leached  out  and  later  deposited 
in  the  bottoms,  so  the  soils  on  the  slopes  contain  less  of 
the  iron,  while  on  the  level  areas,  where  there  is  very  little 
opportunity  for  the  water  to  drain  out  through  the  subsoil, 
the  mineral  remains  in  larger  quantities. 
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«If  the  close  structure  of  the  subsoil  is  due  to  the  pres- 
ence of  iron,  the  land  could  be  iraprovel  by  imderdrainage. 
Iron  compounds  are  not,  hov/ever,  readily  soluble,  and  the  im- 
provement would  therefore  be  rather  slow,  but  would  increase 
gradually  a^  the  iron  was  removed,  the  soil  becoming  more  and 
more  permeable." 

DRAINAGE. 

Originally  these  uplands  were  wet  and  swampy,  being  cov- 
ered with  numerous  ponds.    Though  now  either  naturally  or  ar- 
tificially drained,  water  often  stands  on  the  siirface  for  con- 
siderable periods  after  rains,  especially  in  winter  and  spring. 
This  is  due  principally  to  the  fact  that  it  is  underlain  with 
the  tenacious  silty  subsoil  which  is  nearly  impervious  to 
water.    In  many  cases  it  is  necessary  that  the  land  be  olov/ed 
in  narrow  lands  to  provide  surface  drainage.    At  the  present 
time  there  is  little  of  this  soil  underdrained.    Although  tile 
drainage  is  unquestionably  a  good  thing  for  this  soil,  it 
proves  to  be  rather  expensiv-e.    This  is  because  of  the  imper- 
viousness  of  the  soil  which  necessitates  the  placing  of  tile 
drains  close  together  thus  increasing  the  cost  of  drainage. 

CHEMICAL  COMPOSITION. 
Thin  silt  loam  is  not  a  strong  soil,  the  elements  of 
fertility  being  contained  in  too  small  amounts  to  give  a  large 
yield  of  the  grain  crops.    The  chemical  analysis  of  the  soil 
shows  it  to  be  lacking  in  plant  food,  especially  phosphorus. 
The  nitrogen  supply  is  also  deficient,  and  even  the  potassium 
in  most  cases  is  below  that  of  a  normal  soil.    The  soil  being 
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low  in  organic  matter,  it  is  naturally,''  deficient  in  nitrogen. 
This  soil  is  also  strongly  acid  in  nature,  and  requires  heavy 
applications  of  line  to  neutralize  it.    The  general  type  re- 
quires about  a  ton  to  the  acre  to  correct  the  acidity  of  the 
first  foot  of  soil.     The  subsoil  is  more  acid  than  the  surface, 
hence  much  larger  applications  of  lime  will  be  required  if  i 
the  acidity  of  the  subsoil  is  to  be  corrected.  ; 

CROPS. 

The  principal  crops  grov/n  are  corn,  hay,  and  fruit.  Some 
wheat,  oats,  and  cowpeas,  and  a  little  tobacco  are  grown.  The 
usual  rotation  follov/ed  is  not  one  which  has  in  view  the  main- 
tanence  of  the  fertility  but  rather  it  has  a  tendency  to  ex- 
haust the  soil.    In  the  rotation  commonly  practiced  the  land 
is  kept  in  corn  and  hay  the  most  of  the  time.    Corn  is  grown 
for  two  or  three  years  succensivel3'"  followed  by  oats  or  wheat 
for  one  year,  grass  seed  being  sown  with  the  latter.  Then 
the  land  is  left  in  hay  as  long  as  a  profitable  crop  is  pro- 
duced, which  is  usually  about  five  years.    The  average  crop 
of  corn  raised  is  from  fifteen  to  twenty-five  bushels  per 
acre,  rather  tending  towards  the  lower  limit.    Hay  produces 

ij 

about  three  quarters  of  a  ton  to  the  acre.    I'rheat  yields  about 
twelve  to  fifteen  bushels  to  the  acre  and  oats  from  fifteen 
to  twenty.    In  general  not  as  large  grain  crops  can  be  grown 
as  formerly.    This  is  shown  by  reference  to  the  Report  of  the 
Illinois  Geological  Survey  which  in  1875  gives  the  average 
yield  of  grain  in  Effingham  County  as,  corn  forty  bushels  per 
acre,  wheat  twenty  bushels  per  acre,  sometimes,  but  rarely, 
thirty  bushels  per  anre.  Il 
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The  soil  seens  to  be  better  adapted  to  fruit  than  to  ,^rain 
crops  as  is  shown  by  the  increased  area  devoted  to  fruit  pro- 
duction.   Under  present  conditions  the  soils  of  the  orchards 
are  usually'  neglected,  cultivation  seldom  being  practiced. 
Much  damage  has  been  done  b^'  either  cropping  the  orchards 
with  small  grain  or  by  allowing  the  growth  of  weeds  in  them. 
Orchards  upon  this  type  of  soil  require  very  careful  cultiva- 
tion.   This  is  because  the  soil  is  very  iiipervious  to  water 
and  unless  cultivated  thoroughly  will  not  allow  water  to  pen- 
etrate it.    If  the  water  cannot  penetrate  the  soil,  it  will 
either  run  off  and  be  wasted,  or  else  it  will  remain  on  the 
surface  in  puddles  until  it  evaporates. 

At  the  present  tine,  owing  to  the  acid  condition  of  the 
soil,  very  few  legumes  are  grown  upon  it.    Cowpeas  are  grovm 
to  some  extent,  being,  at  the  present  time,  about  the  onlj'' 
legume  groTm.    However,  the  crop  produced  by  it  is  not  nearly 
so  good  as  upon  soil  that  is  not  acid.    After  an  application 
of  lime  it  has  been  found  that  any  of  the  common  legumes  will 
gro7/  v^ell  and  produce  good  crops.    It  is  very  important  that 
legumes  be  grown  upon  this  soil  as  it  is  low  in  nitrogen,  and 
further,  the  content  of  organic  matter  can  be  increased  b^'- 
plowing  them  under.    Even  where  cowpeas  are  grown  upon  this 
soil  without  lime  they  are  of  very  little  value  as  nitrogen 
gatherers,  since  the  cowpea  bacteria  do  not  thrive  in  an 
acid  soil. 
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VALUE  OF  LAND. 
The  value  of  the  land  varies  considerably  with  the  im- 
provements.   The  average  value  is  about  twenty  dollars  per 
acre,  although  umiraproved  land  can  be  bought  for  from  eight 
to  ten  dollars  per  acre.    Y/ell  improved  land  sells  for  from 
twenty  to  forty  dollars  per  acre  and  even  as  high  as  one  hun- 
dred dollars  per  aore  when  in  producing  orchard. 


EXPERimiTAL  WORK. 
OBJECT. 

The  object  of  the  study  of  this  type  of  soil  is  mainly 
for  five  purposes:  first,  to  ascertain  the  effects  of  differ- 
ent fertilizers  upon  it;  second,  to  ascertain  the  effect  of 
different  leguraes  upon  it;  third,  to  ascertain  the  effect  of 
different  legumes  in  conjunction  with  different  fertilizers 
upon  it;  fourth,  to  ascertain  the  effect  of  cutting  off  as 
compared  v/ith  turning  under  different  legumes  in  conjunction 
with  different  fertilizers;  fifth,  to  ascertain  the  effect  of 
the  fertilizer  on  the  composition  of  the  crop. 

OUTLINE. 

The  following  plan  of  analysis  has  been  adhered  to  through- 
out, 

1.  Complete  analysis  of  soil. 

2.  Analysis  of  oat  grain  and  straw  for  nitrogen  and 
phosphorus. 

3.  Analysis  of  vetch  and  clover. 

(a)  Roots  and  tops  for  nitrogen. 

(b)  Roots  and  tops  for  phosphorus. 

4.  Anal3''sis  of  cowpeas  and  soy  beans. 

(a)  Roots,  tops,  and  seed  for  nitrogen. 

(b)  Roots,  tops,  and  seed  for  phosphorus. 
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ANALYSIS  OP  SOIL. 

The  soil  anal3''zed  was  the  same  as  that  used  in  the  pot 
experiments  which  was  obtained  from  near  Edgev;ood,  Effingham 
County,    The  samples  of  soil  used  for  the  chemical  analysis 
were  taken  after  the  soil  had  been  thoroughly  mixed  for  the 
pot  cultures  but  isefore  the  fertilizers  had  been  applied. 
These  saiaples  were  thoroughly  air  dried,  pulverized,  and  pass- 
ed through  a  millimeter  sieve.     The  samples  were  then  placed 
in  Mason  jars  provided  with  air  tight  tops  so  as  to  prevent 
either  gain  or  loss  of  moisture.    The  method  of  analysis  used 
was  practically  the  same  as  that  adopte'^.  by  the  Association 
of  Official  Agricultural  Chemists  and  outlined  in  Bulletin  46 
of  the  Division  of  Chemistry  of  the  United  States  Department 
of  Agriculture. 

The  following  table  gives  the  results  of  this  analysis, 
and  also  for  comparison,  the  average  analysis  of  two  hundred 
fertile  soils. 
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COMPLETE  ANALYSIS  OF  SOIL. 


Surface 

Sub- Surface 

Average 
Fertile  Soil 

Insoluble  Matter 

83.960 

83.160 

75.950 

0  187 

0  193 

0.241 

SodiUTfl 

0.441 

0.445 

0.185 

Calcium 

0.229 

0.257 

1.543 

Magnesiuzi 

0.189 

0.219 

0.325 

Iron 

4.774 

5.321 

1.770 

Aluniniurn 

0.423 

0.542 

3.030 

Phosphorus 

0.055 

0.071 

0.105 

Volatile 

7.240 

6.070 

7.000 

Nitrosen 

0.157 

0.121 

0.290 

..li 
r.px.o 
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POT  CULTURE  EXPERIlffiNTS. 
The  soil  used,  in  the  pot  culture  experinents  was  talcen 
from  a  field  near  Edgewood,  Effingham  County.    This  soil  is 
a  fair  representative  of  the  type.    In  getting  the  soil  for 
the  pots  the  first  and  second  five  inches  v/ere  laept  separate. 
The  surface  five  inches  and  the  sub-surface  five  inches  were 
each  thoroughly  mixed  and  sifted  before  fertilizers  were  ap- 
plied.   The  following  substances  were  added  to  convey  the  fer- 
tilizing ingredients:  fifteen  grams  of  dried  blood  for  nitro- 
gen, six  grams  of  steamed  bone  meal  for  phosphorus,  and  three 
grams  of  Potassium  Sulphate  for  potassium,  and  eleven  grams 
of  Calcium  Carbonate  to  correct  the  acidity.    The  fertilizers 
with  the  exception  of  the  lime  for  each  pot  were  weighed  into 
two  equal  portions,  one  for  the  surface  and  one  for  the  sub- 
surface.   In  the  case  of  lime,  four  grams  were  added  to  the 
surface  and  seven  to  the  sub-surface,  since  the  latter  was 
more  acid.    In  the  application  of  this  amount  of  lime  about 
five  himdred  pounds  excess  over  that  needed  to  correct  the 
acidity  per  acre  was  added.    The  fertilizers  were  thoroughly 
mixed  with  the  soil  before  it  was  placed  in  the  pots.  The 
sub-surface  five  inches  of  soil  was  placed  in  the  bottom  of 
the  pot  and  the  surface  five  inches  on  top  of  this. 


[ 
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The  follov;ing  table  shov/s  the  amount  and  the  composition 
of  the  fertilizers  applied. 


Name 

Grams 
Compo-  Applied 
sition  Per  Pot 

Grams 
Ele- 
ment. 

Lbs. 
Per  A. 

Lbs. 
Element 
Per  A. 

Value . 

Dried  Blood 

IS.SS'/o  N. 

15 

1.9845 

2400 

— 1  

318.52 

f?47.78 

Steamed  Bone  Meal 

13.42^;  P. 

6 

0.8052 

960 

128.88 

15.77 

Potassium  Sulphate 

43.81^'o  K. 

3 

1.3143 

480 

212.29 

12.74 

In  the  pot  culture  experiments  the  following  legumes 
were  used:-  clover,  vetch,  cowpeas,  and  soy  beans.    The  foli 
lowing  outline  including  three  series  of  six  pots  each  was 
used  for  each  legume.    The  complete  pot  culture  experiments 
thus  including  seventy  two  pots. 
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OUTLINE  OF  POT  CULTURES. 
SERIES  "A"  CHECK. 


Pot 

NO. 

1. 

0. 

Nothing  Added. 

n 

» 

Legume 

0. 

Clover,  Vetch,  Cowpeas,  or  Soy  Beans. 

9 

If 

3. 

rt 

L. 

Lime, 

w 

If 

4. 

ti 

L.P. 

Lime  and  Phosphorus. 

It 

5. 

t# 

If 

L.P.K. 

Lime,  Phosphorus, &  Potansiuiii. 

w 

tr 

6. 

It 

L.P. K.N, 

Lime,  Phosphorus,  Potassium,  &  Nitrogen. 

1 

1 

SERIES 

•»B"  LEGUMES  OUT  OFF. 

Pot 

No. 

1. 

0. 

Nothing  Added. 

n 

H 

2. 

Legume 

0. 

Glover,  Vetch,  Cowpeas,  or  Soy  Beans. 

It 

It 

3. 

It 

L. 

Lime. 

N 

1 

It 

4. 

It 

L.P. 

Lime  &  Phosphorus. 

n 

tf 

5. 

If 

L.P.K. 

Lime,  Phosphorus,  &  Potassium. 

n 

11 

6. 

ti 

L.P. K.N. 

Lime,  Phosphorus,  Potassium,  &  Nitrogen. 

SERIES 

C"  LEGUI.IES  TURNED  UNDER. 

Pot 

No. 

1. 

0. 

Nothing  Added. 

« 

It 

2. 

Legume 

0. 

Clover,  Vetch,  Cowpeas,  or  Soy  Beans. 

n 

It 

3. 

It 

L. 

Lime, 

n 

It 

4. 

It 

L.P. 

Lime  &  Phosphorus. 

i» 

M 

5. 

It 

L.P.K. 

Lime,  Phosphorus,  &  PotassiLim, 

It 

It 

6. 

II 

L.P. K.N. 

Lime,  Phosphorus,  Potassium,  &  Nitrogen. 

.8Xr 


•  I  .OH  iO«i 


CROPS  TO  BE  GROTOT. 
1.  Oats. 

3.  Wh.ea.t. 

POT  NOMENCLATURE. 
Number. 
Series. 
Plant  Pood. 
Lime. 
Legume . 
Disposition  of  Crop, 
Initials. 

The  legumes,  including  tops  and  roots,  were  to  "be  remov- 
ed from  Series  "A"  for  analysis.    In  the  above  plan  of  pot  ex- 
periments Pot  1.  having  no  fertilizer  applied  or  legume  grown 
upon  it  serves  as  a  oheoK  of  the  natural  soil  on  the  wheat 
crop.    By  a  comparison  of  the  grov/th  of  the  legumes  in  pots 
2  &  3  the  effect  of  lime  on  their  growth  can  be  determined  for 
this  type  of  soil.    In  Pot  4  the  effect  is  of  the  line  and 
phosphorus  alone  on  the  oat  and  legume  crops  and  oi"  the  phos- 
phorus, lime  and  legume  on  the  wheat  crop.    In  Pot  5  the  ef- 
fect is  of  the  phosphorus,  potassium,  and  lime  on  the  oat  and 
legume  crops  and  of  phosphorus,  potassium,  line,  and  legiune 
on  the  v;heat  crop.    In  Pot  6  the  effect  is  that  of  a  co:irplete 
fertilizer,  phosphorus,  potassium,  nitrogen,  and  lime  upon 
the  oat  and  legume  crops;  and  of  the  complete  fertilizer  and 
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legume  upon  the  vmeat  crop.    There  are  no  pots  -A'here  nitrogen 
is  added  alone.    Hoxever,  in  Pots  2  Sr.  Z  of  each  series  there 
is  grown  legumes  without  fertilizer  other  than  line  thus  the 
effect  on  the  succeeding  wheat  crop  should  be  the  same  as  if 
nitrogen  had  been  applied,  in  fact,  it  gives  a  truer  test, 
since  it  is  onl3'  through  leguminous  crops  that  it  is  possible 
to  economically  secure  nitrogen. 


AMOUNT  &  VALUE  OF  LIME  APPLIED. 


i|  Soil. 

Acid 

Grams 
Apld. 
Pot 

Grams 
Rqd. 
Pot 

Log. 
Apld.Per 
Acre. 

Lbs. 
Rqd.Per 
Acre. 

Excess 
Apld.Per 
Acre 

Value 

II  Surface  5  in. 

0.013 

4 

1.04 

750 

195 

555 

$0,937 

Sub- 
Surface    5  in. 

0.043 

7 

3.44 

1312.5 

645 

667.5 

1.641 

1  Total 

0.056 

11 

4.48 

2062.5 

840 

1222.5 

2.578 

AMOUNT 

5:  VALUE  OP  TOTAL  FERTILIZERS  APPLIED. 

Element. 

Gr.  Per  Pot 

Lbs.  Per  A. 

Value  per  Lb. 

Total  Val. 

Nitrogen 

1.9845 

318.52 

15|^ 

147.78 

1  Phosphorus 

0.8052 

128.88 

12^ 

15.47 

Potassium 

1.3143 

^  1  /3  ^ 

6^ 

12.74 

Calcium  Carbonate 

11.0000 

2062.50 

0.125j^ 

2,58 

Total 

f?78.57 

PLANTING  TIIE  OATS. 
The  variety  of  oats  seleoted  was  White  Bonanza.  The 
seed  was  planted  iirnaediatel3''  after  the  pots  were  filled  v/ith 
soil  before  they  had  received  any  v/ater.    About  twenty  five 
seed  were  planted  to  the  pot,  and  later  they  were  thinned  to 
twelve  plants  per  pot.    All  of  the  pots  were  planted  on  May  2nd. 
The  vetch  and  clover  were  planted  at  the  same  time  as  the  oats. 
They  were  also  thinned  to  twelve  plants  per  pot. 

CARE  AFTER  PLANTING. 
Immediately  after  planting  the  pots  were  removed  to  bench- 
es out  of  doors.    Then  they  were  thorou^jhly  watered.  After 
the  plants  came  up  they  were  watered  whenever  the  surface  be- 
came dry.    Cistern  water  was  used  except  on  a  fevr  occasions 
when  it  could  not  be  procured.    During  these  times  hydrant 
water  was  used. 

INOCULATION  OF  LEGUMES. 

The  legumes  were  in  all  cases  inoculated.    The  clover  and 
vetch  were  inoculated  on  May  24th  when  they  were  about  two 
inches  high,  7/hile  the  cov/peas  and  soy  beans  were  inoculated 
at  the  time  of  planting.    In  all  cases  except  that  of  the  soy 
beans  soil  v:as  taken  from  thoroughly  infected  fields.    As  no 
soil  could  be  obtained  which  was  sufficiently  infected  with 
soy  bean  bacteria,  tubercles  were  taken  directly''  from  the 
roots  of  soy  beans  and  used  in  the  inoculation. 

In  the  case  of  the  clover,  vetch,  and  cowpeas  about  ten 


poiinds  of  thoroughly  infected  soil  was  used.    This  was  placed 
in  separate  four  gallon  jars  and  the  jars  then  filled  with 
water.    The  soil  was  thoroughly  stirred  with  the  v/ater  and 
then  allov/ed  to  settle.    About  one  quart  of  this  water  was 
then  used  for  each  inoculation.     In  the  case  of  the  vetch  and 
clover  this  was  poured  on  the  pots  after  the  olants  were  up, 
but  was  applied  to  the  soy  bean  and  cow.yea  pots  before  the 
seed  was  planted. 

The  tubercles  collected  for  the  soy  bean  inoculation 
were  crushed  and  thoroughly  mixed  with  four  gallons  of  7/ater. 
A  quart  of  this  solution  was  used  per  pot,  the  sanie  as  with 
the  other  legumes.    The  cowpeao  and  soy  beans  were  inoculated 
in  the  following  manner.    The  first  inch  of  soil  was  removed 
from  the  pot  and  about  a  quart  of  the  liquid  containing  the 
bacteria  added  to  each  pot.    As  soon  as  the  liquid  had  soaked 
into  the  soil  the  seed  were  placed  on  top  of  it.    Then  the 
inch  of  soil  which  had  been  removed  was  returned  to  the  pot. 
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GROWTH  AND  DEVELOPMENT  OP  PLANTS. 

The  records  of  the  growth  of  the  plants  were  kept  by  pho- 
tographs as  well  as  by  notes.    The  first  notes  were  taken  on 
May  23rd  as  follov/s:- 

There  can  be  seen  a  marked  difference  in  the  growth  of 
the  oats.    Those  in  Pots  4,  5,  &  6  show  in  all  cases  a  much 
stronger,  hardier,  and  stockier  growth  than  those  in  Pots  1, 
2,  &  3.    That  is,  the  growth  is  much  greater  in  those  Pots 
which  had  plant  food  added  to  them.    However,  little  if  any 
difference  can  be  seen  in  the  growth  in  Pots  5  &  6  which  con- 
tain phosphorus,  potassium,  and  lime  and  phosphorus,  potassium, 
nitrogen,  and  line  respectively;    as  compared  to  that  in  Pot 
4  which  contains  only  phosphorus  and  line.    This  indicates 
that  the  grov/th  thus  far  of  the  fertilized  over  the  unferti- 
lized Pots  is  due  to  the  element  phosphorus.    This  is  not  only 
seen  in  the  case  of  the  oats,  but  also  to  nearly  the  same  ex- 
tent in  the  vetch  and  clover.    There  is  no  notioable  differ- 
ence in  the  grov/th  of  either  the  vetch  or  clover  in  Pot  3  over 
Pot  2,  showing  that  as  yet  the  lime  has  been  of  no  value  to 
the  legumes.    Everything  v/as  thinned  to-day  to  twelve  plants 
per  pot.    Although  not  yet  inoculated,  small  tubercles  were 
found  on  the  roots  of  the  clover  but  none  were  foiJind  on  the 
vetch.    The  vetch  had  made  a  very  surprising  root  growth,  the 
tap  roots  having  in  many  cases  already  reached  a  length  of  four 
inches.    There  was  a  good  rain  on  the  21st,  the  first  since 
the  crop  was  planted,  and  since  this  rain  which  wet  the  soil 
thoroughly  the  growth  has  been  rapid.    It  is  to  be  regretted 
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that  no  photographs  were  taken  at  this  time  an  the  difference 
between  Pots  1,  2,  &  3  as  co?npared  with  Pots  4,  5,  &  6  dis- 
appeared within  the  next  few  days. 

MAY  30,  1903. 

There  is  a  marked  difference  in  the  in  Pot  6  as  compar- 
ed with  that  in  4  &  5.    Pot  6  in  which  nitrogen  had  been  ad- 
ded shows  a  much  better  growth  than  Pots  4  &  5.    The  plants 
are  more  stocky  looking  in  Pot  6,  and  have  begim  to  stool  out. 
The  plants  in  this  pot  are  also  taller  and  of  a  darker  green 
color.    There  still  seems  to  be  no  difference  between  the 
growth  in  Pots  4  &  5,  shov/ing  that  the  potassium  has  had  no 
effect  as  yet.    There  is  quite  a  marked  difference  between 
the  grov/th  in  Pots  4      5  compared  with  Pots  1,  2,  &  3,  though 
probably'-  no  more  than  on  the  23rd.    The  pla:its  in  Pots  4  &  5 
especiall3',  are  turning  a  yellowish  green,  being  of  a  mach 
more  3'ellow  tinge  than  those  in  Pots  1,  2,  ^<  3.     This  is  prob- 
ably due  to  the  unbalanced  plant  food,  and  in  this  case  lack 
of  nitrogen  is  most  marked.    There  is  no  noticable  difference 
in  the  growth  on  Pots  1,  2,  &  3. 

JUm  8,  1903. 

There  is  no  noticable  difference  between  the  growth  in 
Pots  1,  2f  3,  4,  ?c  5,  while  there  is  a  more  marked  difference 
between  the  growth  on  these  pots  as  compared  with  Pot  6  than 
there  has  been  previous.     In  the  case  of  the  clover  there  is 
still  a  marked  difference  in  the  growth  in  Pots  4  &  5  and 
Pots  2  &  3;  the  former  where  phosphorus  has  been  added  being 


larger.    This  is  also  true  in  the  ease  of  the  vetch  though 
possibly  not  to  so  great  an  extent.     Both  elover  and  vetch  in 
Pot  6  is  considera-oly  larger  than  that  in  the  other  pots  where 
nitrogen  has  not  been  added.    This  increase  of  growth  is  es- 
pecially marked  in  the  carje  of  the  vetch.    The  oats  in  Pots 
4  &  5  stooled  more  than  those  in  Pots  1,  2,  &  3  and  are  of  a 
more  yellow  color,  the  tips  of  the  blades  dying  in  the  pots 
where  phosphorus  had  been  added,  especially  in  Pots  4  &  5. 
This  is  due  to  the  fact  that  there  is  an  excess  of  phosphorus 
in  these  two  pots  and  the  nitrogen  is  taken  from  the  leaves 
as  it  is  deficient  in  the  scil. 
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HEIGHT  OF  OATS  JUNE  8,  1903. 
Pot      Treatment      Clover      Soy  Beans      OoT/peas  Vetch 


SERIES 

"A" 

1. 

None 

15  in. 

14  in. 

14  in. 

14  in. 

Legiime 

13 

14 

13 

16 

3. 

T 

L  . 

13 

13 

1  9 

13 

1  o 

l<d 

A 

4. 

T  O 

13 

14 

lo 

1  "Z. 

xo 

ir 

o« 

T      T3  V 

L  .  r  .  is. . 

14 

14 

1  A 

14 

lo 

b  . 

T      13     V  TT 

<3l 

OA 

01 
«0  J. 

SERIES 

1. 

None. 

13 

15 

13 

13 

o 

iieguiue 

13 

14 

13 

13 

o» 

T 

ii . 

13 

1  9 

13 

lo 

1/d 

A 

T  13 
il .  i  . 

13 

13 

lo 

1  A 

14 

c 

Jb.  r.  A. 

13 

1  9 

13 

13 

T  "Z 

lo 

c 

T     Ti    V  \J 

/il 

1  o 

on 

SERIES 

"C" 

1. 

None 

13 

IS 

13 

12 

2. 

Legimie 

13 

IS 

13 

12 

3. 

L. 

13 

13 

13 

12 

4. 

L.P. 

IS 

IS 

13 

13 

5. 

L.P.K. 

13 

13 

12 

12 

6. 

L.P.K.N. 

22 

20 

21 

20 

t: 
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JUITE  20,  1903. 

There  is  no  noticable  difference  betv/een  the  oats  in  Pots 
1,  2,  3,  4,  &  5.    The  clover  is  much  better  in  Pots  4  &  5  than 
in  Pots  2  &  3,  showing  the  effects  of  phosphorus.    The  vetch 
also  shows  the  effect  of  phosphorus  in  Pots  4      5,  but  not  to 
so  great  an  extent  as  does  the  clover.    The  vetch  does  not 
seem  to  be  very  well  inoculated.    That  in  Pot  5,  series  "C", 
is  not  healthy,  probably  due  to  the  effect  of  too  much  v/ater, 
as  this  oot  is  poorly  drained. 
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HEIGHT  OP 

OATS  JUITE  20,  1903. 

Pot 

Treatment 

Clover         Soy  Beans 

Cowpeas 

Vetch 

1. 

None 

19  in.           16  in. 

16  in. 

ISin. 

2. 

Leguine 

19  21 

18 

14 

3. 

"  L. 

17  19 

18 

17 

4. 

L.P. 

19  19 

18 

17 

5. 

"  L.P.K. 

17  19 

20 

16 

6. 

"  L.P.K. N- 

24  25 

24 

23 

SERIES  "B". 

1. 

None 

17  20 

14 

15 

2. 

Legume 

18  20 

18 

15 

3. 

"  L. 

16  16 

19 

15 

4. 

L.P. 

14  16 

18 

15 

5. 

"  L.P.K. 

16  12 

17 

16 

6. 

"  L.P.K-N- 

24  23 

22 

SERIES  "G". 

1. 

None 

14  17 

14 

16 

■  2. 

Leguiae 

14  17 

16 

15 

3. 

"  L. 

18  15 

18 

14 

,  4. 

"  L.P. 

14  16 

16 

15 

"  L.P.K. 

14  16 

13 

14 

L.P. K.N. 

23  23 

23 

22 

ex  ti 

•  :  "I 

or  VX 


..1 


r  r 
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HEIGHT  OF  LEGUMES  JUNE  20,  1903. 


Pot          Treatment            Clover  Vetch 

SERIES  "A". 

2.  Legui-ne                      2  in.  7  in. 

3.  »        L.                   2  6 

4.  "       L.P.                  3.5  9 

5.  "     L.P.K.                4  7 

6.  "  L. P.K.N.              5.5  12 

SERIES  "B". 

2.  Legume                      2  6 

3.  •        L.                   2.5  6 

4.  "      L.P.                 3.5  6 

5.  L.P.K.                4,  8 

6.  "  L.P. K.N.              4.5  11 

SERIES  "C". 

2.  Legime                      2  5 

3.  »        L.                   2  5 

4.  "      L.P.                 4  8 

5.  "     L.P.K.                4  8 

6.  "  L.P. K.N.              5.5  13 


.  J.. 


i 
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31 


JUNE  27,  1903. 
A  few  heads  are  beginning  to  show  on  the  oats. 

JUNE  30,  1903. 

Series  "B",  clover,  vetoh,  and  cowpeas  were  photographed. 
Prom  the  photo graphs  there  can  be  seen  no  difference  in  the 
growth  of  the  oats  in  Pots  l,  2,  3,  4,  &  5  of  the  three  ser- 
ies.   Pot  6  in  each  series  shows  a  very  marked  increase  in 
growth  of  oats  over  the  other  five  pots  of  the  series.  The 
oats  in  Pots  1,  2,  3,  4,  &■.  5  have  not  stooled  out  to  nearly 
the  same  extent  as  have  those  in  Pot  6.    The  clover  in  Pots 
4,  5,  &  6  can  be  seen  to  have  made  a  much  stronger  ci'owth 
than  that  in  Pots  2  &  3.    The  clover  in  Pot  3  is  better  than 
that  in  Pot  2,  showing  that  line  is  having  an  effect  on  the 
growth  of  the  clover.    The  vetch  in  Pot  6  seems  to  be  better 
than  that  in  4  &  5,  and  that  in  Pots  4  &  5  better  than  that 
in  2  &  3.    There  is  no  apparent  difference  between  the  growth 
in  Pots  2      3,  the  lime  having  no  effect  as  yet. 

JULY  18,  1903. 

Photographs  were  taken  of  one  series  of  vetch  and  of  one 
of  clover.    The  oats  of  the  other  series  corresponded  so  very 
closely''  to  these  that  it  was  not  necessary  to  take  photographs 
of  them.    The  sparrows  got  into  the  crop  on  July  13th  and  pull- 
ed off  considerable  grain.    The  pots  v^ere  taken  into  the  green 
house  on  the  evening  of  the  13th  and  the  next  morning  it  was 
foimd  that  the  mice  had  cut  off  six  heads  of  oats.    There  is 
little  difference  in  the  oats  in  Pots  1,  2,  3,  4,  &  5.  There 


is  a  slight  variation  in  growth  between  the^e  pots  but  it  is 
irregular  and  not  in  accordance  with  the  fertilizers  added. 

HEIGHT  OP  OATS. 

JUME  18,  190r>. 
Pots  1,  2,  3,  4,  &  5  in  all  series  run  fron;  t^^rent^r  to 
twenty  ei?;ht  inches  in  height  averaging  about  twenty  five 
inches.    Pot  6  in  all  these  series  runs  about  thirty  eight 
inches  in  hei?;ht. 
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JULY  18.  ,1903.   ( oon). 
The  olover  in  Pots  4,  5,      Q  is  much  better  than  that  in 
2  &  3,    The  legijmes,  especially  the  clover,  are  doing  much 
better  in  Pot  3  with  line  than  in  Pot  2  which  has  no  lime  ap- 
plied.   Also  the  growth  in  Pots  4  &  5  is  now  better  than  that 
in  Pot  6  of  the  olover.    This  is  either  due  to  the  fact  that 
the  thicker  growth  of  oats  in  Pot  6  has  held  back  the  clover 
by  crowding  and  shading  it  or  that  the  oats  in  this  case  have 
used  larger  amounts  of  phosphorus  thus  leaving  less  avail- 
able for  the  clover.    This  is  not  so  marked  in  the  case  of  t 
the  vetch,    but  the  plants  in  Pots  4  ?c  5  are  growing  very 
fast  and  are  in  most  cases  as  good  as  in  Pot  6.    Another  rea- 
son that  the  legumes  in  Pots  4  &  5  are  making  a  better  growth 
than  those  in  Pot  6  is  that  the  legumes  may  not  be  so  well 
inoculated  as  they  are  there  groviring  in  a  medium  well  suppli- 
ed with  nitrogen  in  which  case  tubercles  do  not  develop  so 
well. 

JULY  38,  1903. 
Began  to  cut  the  oats  to-day. 

JULY  29,  1903. 
Completed  cuttin^:;  the  oats.    None  of  the  pots  except 
those  to  iThich  nitrogen  had  been  added  producrjd  over  twelve 
heads.    However,  Pots  4  <^  5  with  phosphorus  and  phosphorus  and 
potassium,  respectively,  had  stooled  out  in  a  nimiber  of  cases 
but  the  shoots  produced  v/ere  small,  none  over  four  inches  hi^^h 
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and  in  no  case  produced,  a  head.    The  legurnes  look  well;  there 
having  appeared  no  marked  changes  over  those  recorded  in  the 
last  notes. 

After  the  oato  were  cut  the  pruduce  of  each  pot  in  series 
"C"  soy  beans,  was  tied  in  "bundles  and  photographed.  This 
sho^^s  the  relative  (growth  probably  better  than  the  photo- 
graphs taken  before  the  oats  were  cut. 
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AUG.   1,  190.3. 

Planted  soy  beans  and  corrpeas.    Pots  were  moved  outside 
on  the  benches  again. 

AUG.   3,  1903. 

The  actual  growth  of  the  vetch  cannot  he  told  by  its  h 
height  but  that  of  the  clover  can.    The  soy  beans  anet  cow- 
peas  are  beginning  to  sprout. 

HEIGHT  OP  LEGm.IES  AUG.   3,  1903. 


Pot       Treatment            Clover  Vetch 

SERIES  "A". 

2.  None                    7  in.  16  in. 

3.  L.                       8  18 

4.  L.P.                      11  24 

5.  L.P.K.                    11  18 

6.  L.P. K.N.                    8  22 

SERIES  "B". 

2.  None                      6  13 

3.  L.                     10  15 

4.  L.P.                   10  15 

5.  L.P.K.                 10  15 

6.  L.P. K.N.                 8  21 

SERIES  "C". 

2.  None                    8  16 

3.  L.                       9  17 

4.  L.P.                   12  20 

5.  L.P.K.                  11  18 

6.  L.P.K. II.                  8  35 
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AUG.  17,  1903. 

Thinned  the  cowpeas  and  soy  beans  to  five  plants  per  pot. 

AUG.  19,  1903. 
Cultivated  the  cowpea.s  and  soy  beans. 

Sept.  1,  1903. 

The  oo?rpeaf3  and  soy  beans  are  about  eight  to  ten  inches 
high  and  are  making  a  good  growth.     In  the  case  of  the  soy 
beans  T'herever  phosphorus  was  added  the  plants  and  leaves  shOY/ 
a  yellow  color  probably  due  to  the  greater  growth  caused  by 
the  phosphorus;  this  extra  grov^th  requiring  more  nitrogen 
than  was  present.    The  first  heads  of  the  clover  are  nearly 
all  dead,  but  the  under  growth  is  heavy  and  doing  nicely.  The 
vetch  seems  to  be  starting  to  grow  again  after  a  period  of 
stagnation,  the  growth,  however,  being  slow. 

SEPT.  14,  1903. 

The  soy  beans  to  which  ohosphorus  was  added  are  quite 
yellow  in  color  probably  due  to  the  lack  of  available  nitro- 
gen.   This  may  be  due  to  poorer  inoculation  o  '  these  pots  al- 
though it  is  net  probable.    There  is  considerable  difference 
in  the  growth  of  the  soy  beans,  those  in  pots  2  &  3  being  small- 
er than  those  in  4,  5,  &  6.    The  oowpeas  are  doing  well,  mak- 
ing a  strong  growth.      The  growth  in  4,  5,  &  6  is  better  than 
that  in  2  &  3.  There  is  no  noticable  difference  as  there  is 
in  the  case  of  the  soy  beans.    The  clover  is  making  a  good 
growth,  but  presents  no  difference  over  those  last  noted.  With 
the  exception  of  pot  6  the  vetch  is  not  doing  well.    It  looks 
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sickly  and  is  making  practical  13'"  no  grov/th  at  all. 

SEPT.  23,  1903. 
The  soy  beans  and  the  cowpeas  were  taken  into  the  green- 
house to-day. 

SEPT.  26,  1903. 
There  was  a  light  frost  on  the  night  of  the  23rd.  The 
vetch  and  clover  were  taken  into  the  greenhous;3  to-day.  The 
weather  has  been  cool  and  damp  for  two  weeks.    The  legiimes  h 
have  made  little  growth,  especially  the  soy  beans  and  cowpeas, 
seemingly  having  "been  held  in  check  by  the  cool  weather. 

OCT.  15,  1903. 

Photographs  were  taken  of  all  the  legiimes  except  the  cow- 
peas, 

CLOVER,   SERIES  "A". 

The  clover  in  this  series,  ic  making  a  very  good  growth. 
Pot  5  3ho-7s  the  best  growth  and  the  largest  number  of  heads. 
This  Pot  is  rapidly  developing  heads  at  the  present  tine.  The 
growth  in  Pot  6  is  not  quite  so  good  as  that  in  Pot  5,  and 
only  a  few  heads  have  formed.    The  growth  is  not  as  vigorous 
as  that  in  Pot  5.    The  clover  in  Pot  4  conpares  well  with  th 
that  in  Pot  6,  there  being  little  difference  between  them  at 
the  present  time.    A  few  leaves  on  Pot  4  have  a  tendency  to 
turn  yellow.     Pot  5  presents  a  slightly  stronger  grov/th  than 
Pot  2.    It  has  several  heads  and  appears  vigorous.  However, 
it  is  not  nearly  so  good  as  Pot  4.    The  growth  in  Pot  2  is 
smaller  than  that  in  3.    There  are  no  heads  on  Pot  2  novr. 
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CLOVER,  SERIES  "B". 

Tills  aeries  runs  about  the  same  as  series  "A";  all  pre- 
senting, hov/ever,  a  slightly  stronger  growth  than  those  of 
series  "A".    Pot  6  shov/s  nearly  as  good  a  growth  as  Pot  5 
with  about  the  same  number  of  heads.    The  clover  in  Pot  4  is 
not  nearly  as  good  as  that  in  Pot  6  and  has  fewer  heads.  The 
leav'^s  of  Pot  4  tend  to  be  yellow.    Pot  3  does  not  show  as 
good  growth  as  Pot  4,  but  has  about  the  same  number  of  heads. 
Pot  2  does  not  show  hardly  as  good  growth  as  Pot  3,  shov^ing 
that  in  this  case  lime  ha^j  had  some  effect. 

CLOVER,  SERIES  "C". 

This  series  runs  about  like  series  "A",  and  shows  about 
the  sane  variations  except  that  there  are  more  heads  on  Pots 
2  &  3.    Pot  6  has  just  one  head. 


HEADS  PRODUCED  BY  CLOVER  TO 

OCT.  15,  1903. 

No. 

Treatment 

Series  "A". 

Series  "B". 

Series  »'C". 

2. 

None 

0 

1 

0 

3. 

L. 

5 

6 

3 

4. 

L.P. 

9 

11 

19 

5. 

L.P.K. 

10 

17 

16 

6. 

L.P. K.N. 

S 

10 

1 

0? 


..1 
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SOY  BEANS,  SERIES  "A". 

The  plants  are  stunted  and  yellow,  and  the  leaves  falling 
badl3'.    Pots  2^5  show  practioally  the  same  growth.  The 
growth  in  Pot4  is  considerably  better  than  in  Pot  5,  and  a 
little  better  than  that  in  Pots  2  &  3.    Pot  6  shows  about  the 
same  growth  as  Pots  2  &  3  . 

SOY  BEANS,   SERIES  "B". 

There  is  little  difference  in  the  growth  on  the  differ- 
ent pots  of  this  series.    Perhaps  Pots  3  &  6  are  a  trifle 
better  than  the  others.    The  growth  in  the  other  pots  is 
about  the  rjarne  as  in  Pots  2  &  Z  in  serie:-i  "A". 

SOY  BEANS,   SERIES  "G". 

This  series  runs  very  evenly  except  Pots  2  &  3  in  each 
of  which  there  is  one  plant  which  is  very  small.    The  soy 
beans  as  a  whole  are  doing  very  poorly.    Probably  the  cold 
nights  prior  to  their  being  brought  into  the  greenhouse  stunt- 
ed their  growth.     It  may  be  that  they  are  poorly  inoculated. 
For  the  last  month  they  have  been  turning  yellow  and  have  sho^flm 
very  little  growth  in  that  time.    The  pods  were  well  forined 
when  they  were  brought  into  the  greenhouse. 


COWPEAS,   SERIES  '^A". 

This  series  is  doing  well  and  seams  to  iDe  vigorous.  All 
pots  are  producing  pods.    Pot  2  shOTirs  a  good  growth.    Pot  3 
seems  to  show  the  influenoe  of  lime  be  a  better  growth  than 
Pot  2,    Pots  4      5  show  practically'  the  sane  growth.    The  pod 
development  is  a  trifle  better  on  Pot  5  than  on  Pot  4.  Both 
show  considerably  better  growth  than  Pot  3.    Pot  6  compares 
favorably  v/ith  Pot  3. 

COV/P^AS,  SERIES  "B". 

All  the  pots  of  this  series  show  a  good  growth  but  not 
so  decided  a  difference  between  Pots  3  &  3  as  in  series  "A". 
Pot  4  is  only  a  trifle  better  than  Pot  3,  not  showing  to  so 
great  an  extent  the  effect  of  the  phosphorus  as  does  the  cor- 
responding pot  in  series  "A".    Pots  5  &  6  show  about  equal 
growth,  not  presenting  the  differences  of  series  "A".  Both 
being,  however,  considerably  better  than  Pot  4.    Pod;-  are 
forming  on  all  except  Pot  2;     the  pod  development  being  fur- 
ther adv  .need  on  Pots  4,  5,  &  6  than  on  Pot  3. 

COWPEAS,  SERIES  "C". 

This  series  shows  a  better  growth  than  either  series  "A" 
or  "B".    Pot  2  is  just  beginning  to  for:?,  pods,  the  growth, 
however,  being  good.    Pot  3  is  at  about  the  same  stai:;e  of  pod 
formation  as  Pot  2,  but  has  a  considerably  better  growth,  show 
ing  the  effect  of  line.    Pot  4  shows  the  best  growth  in  the 
series,  it  being  considerably  better  than  Pot  3.     This  Pot 
is  further  advanced  in  pod  formation  than  any  of  the  other  pot 
of  this  series.      Pots  5  &  6  are  at  about  the  same  stage 


of  pod  formation,  but  are  not  as  far  advanccJd.  an  Pot  4.  In 
talG  respect  Pot  5  oompares  well  with  Pot  3  while  Pot  6  is 
not  so  good.    This  series  as  a  whole  shov/s  about  the  same 
pod  formation  as  series  "A"  and  "B". 

VETCH,  SERIES  "A". 

The  vetch  in  all  series  has  been  showing  a  better  grov/th 
since  it  was  brought  into  the  greenhouse.    This  series,  how- 
ever, is  showing  a  better  growth  than  the  other  two.    Pot  2 
does  not  shov/  as  good  growth  as  the  other  pots  although  new 
shoots  are  beginning  to  appear.    Pot  3  is  a  little  better 
than  Pot  2.     Pot  4  is  making  the  best  growth  of  the  series; 
the  new  growth  being  verj'  vigorous.    The  growth  in  Pot  5  is 
almost  as  good  as  that  in  Pot  4,  while  that  in  Pot  6  is  hard- 
ly as  good  as  that  in  Pot  5. 

VETCK,   SERIES  "B". 

This  series  does  not  shov;  as  good  grov/th  as  series  "A". 
The  growth  in  Pot  2  is  about  the  same  as  in  Pot  2  of  series 
"A",  while  that  in  Pot  3  is  only  slightly  better  than  that  in 
Pot  2,  not  being  as  good  as  that  in  Pot  3  series  "A".  The 
growth  in  Pot  4  is  considerably  better  than  that  in  Pot  3,  a 
and  compares  favorably  with  that  in  Pot  6  of  series  "A",  but 
do^^j  no  show  as  good  grov/th  as  Pot  4  of  that  series.  The 
growth  in  Pot  5  is  about  the  same  as  that  in  Pot  4.    Pot  6 
shows  the  best  growth  of  the  series,  oeing  much  bettor  than 
that  in  Pots  4  &  5.    The  growth  in  this  pot  conpares  favor- 
ably with  that  in  Pot  4,  series  "A".     Spiders  are  working  on 
Pots  5  &  6  of  this  series. 


VETCH,  SERIES  "C". 

This  series  does  not  show  as  good  growth  as  series  "A" 
or  "B".    The  growth  of  Pot  2  of  this  series  compares  well 
with  that  of  Pots  2  of  "A"  Sa  "B",  but  the  growth  of  Pot  3 
is  very  much  poorer  than  that  of  Pot  2.    This  pot  shows  the 
least  growth  of  any  of  the  vetch.    The  growth  of  Pot  4  is  not 
as  good  as  that  of  the  corresponding  pot  in  series  "A",  but 
is  better  than  Pot  4  of  series  "B".    The  spiders  are  beginnin 
to  worlv  on  this  pot.    Pot  5  shows  about  the  same  growth  as 
Pot  4,  its  development  being  checked  by  spiders.     Pot  6  has 
shown  the  best  growth  of  the  series  until  it  was  attack  by 
spiders  after  being  brought  into  the  greenhouse.    The  growth 
is  still  considerably  better  than  that  of  any  other  pot  of 
the  series,  but  most  of  it  is  being  rapidly  killed  by  the 
spiders. 
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OCT.  ?.l ,  190'.. 

Tlio  soy  beano  77ere  photo  graph  ei  to-day  and  cut  ir.Tinediate- 
ly  afterwards.    The  roots  of  series  "A"  were  dug,  and  most  of 
the  plants  were  found  to  be  welll  inoculated.-    In  order  to  as- 
certain if  the  poor  growth  of  the  soy  beans  T;as  due' to  the  in- 
oculation the  roots  of  all  series  were  dug.    In  all  cases 
Pots  4  &  5  showed  the  best  inoculation.    Pot  3  in  series  "B" 
and  "C*  showed  a  better  inoculation  than  Pot       but  not  so  good 
in  series  "A".    This  would  shov/  that  lime  had  a  tendency  to 
better  the  growth  of  the  tubercles.    In  all  oases  Pot  6  shows 
a  poorer  inoculation  than  Pots  4  &  5,  and  in  some  cases  even 
poorer  than  Pots  2  &  3.    Thus  it  seems  that  the  presence  of 
available  nitrogen  is  detrinental  to  the  best  development  of 
the  tubercles.    This  is  in  accordance  with  the  results 
obtained  at  the  Rhode  Island  Station  given  in  Bulletin  92  of 
that  Station.    The  experiment  recorded  in  this  bulletin  show- 
ed that  the  liberal  application  of  Sodium  Nitrate  interfered 
with  the  development  of  root  tubercles  on  soy  beans. 

The  tubercles  on  the  roots  of  the  three  series  were  count- 


ed  and 

the  results 

given  below. 

i| 

SOY  BEAN  INOCULATION. 

Pot 

Treatment 

Series  "A" 

Series  "B" 

Series  "C". 

2. 

None 

68 

77 

2 

3. 

L. 

56 

165 

38 

4. 

L.P. 

226 

245 

225 

5. 

L.P.K. 

116 

375 

66 

6. 

L.P. K.N. 

38 

131 

42 

Photograph  shov/ing  inoculation,  was  taKen  of  roots  of  series  "C". 
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After  series  "C"  had  been  photographed  the  roots  and  tops 
were  turned  imder. 

OCT.   28,  1903. 

All  Vetch  was  cut  to-da^''.     Series  "C"  was  imediately 
turned  under. 

NOV.  14,  1903. 

Clover  of  all  series  wa^^  cut  to-day.    That  in  all  the 
pots  v/as  seriously  affected  by  lice.    The  clover  was  cut  at 
t:iis  tine  on  accou.nt  of  the  damage  done  by  the  lice  and  also 
froiii  the  fact  that  it  seemed  to  have  coinpleted  its  gro¥/th. 
That  of  series  "0"  was  turned  under  as  soon  e.s  cut. 

The  heads  were  counted  for  all  series  and  was  found  to 
be  the  same  as  for  Oct.  15,  1903.  No  seed  was  found  in  any 
of  the  heads  which  were  produced  after  the  clover  was  brought 
into  the  greenhouse;  this  probably  being  due  to  the  lack  of 
fetilization  since  bumble  bees  could  not  gain  access  to  the 
flowers. 

NOV.  30,  1903. 

The  Qowoeaip.  were  photographed  and  afterwards  cut.  The 
photographs  show  especially  the  pod  development  of  the  differ- 
ent pots.     In  series  "G"  the  pods  on  Pot  2  were  a  little  green, 
and  also  a  trifle  so  on  Pot  3.    The  leaves  on  Pots  2  Sc  5  fell 
much  sooner  than  those  on  Pots  4,  5,  &  6  except  in  series 
"G".    The  mildev;  has  attack  most  of  the  plants  and  seems  to 
have  hindered  their  development  to  some  extent.    The  cowpeas 
in  series  "C"  v/ere  turned  under  immediately'-  aft^^r  cutting. 


•    YIELDS  OF  OATS.  .  '64. 

OLO'^r'^'R  S^ilHI'^S :   CLOVER  S'^EDED  ■'TITH  OATH. 


ITO . 

Treat;. -.er.-L 

Gr. Heads 

Or. Total 

Gr.  Strfi;?' 

Gr. Grain 

:^-u.P6r  A. 

lA 

None 

12  ■ 

5.550 

9.700 

5.387 

-  4i.l35. 

21.570 

2A 

Clover 

11 

4.400 

8.620 

5.934 

2.686 

13.430 

3A 

"  L. 

11 

5.350 

9.970 

5.501 

4.469 

22.350 

4A 

L.P. 

10 

4.050 

8.170 

5.371 

2.799 

13.995 

OA 

5.000 

9.440 

5.770 

3.-670 

18. 350 

6A 

"  L.P. K.N 

.  29 

37.400 

65.200 

34.298 

30.902 

154.510 

VETCH 

SERIES:  VETCH  SEEDED  WITH  OATS. 

lA 

None 

12 

3.750 

8.050 

5.558 

2.492 

12.460 

2A 

Vetch  L. 

10 

3.121 

5.700 

3.403 

2.297 

11.490 

3A 

L. 

8 

3.250 

6.080 

3.718 

2.362 

11.810 

4A 

"  L.P. 

12 

5.800 

10.500 

6.062 

4.438 

22.190 

5A 

"  L.P.K. 

12 

5.370 

9.510 

5.247 

4.263 

21.331 

6A 

"  L.P.K. IT 

.  21 

35.000 

62.500 

33.391 

29.109 

145.550 

COWPEA  SERIES:   GOWPEAS  SEEDED  AFTER  OATS. 

1A7. 

None 

12 

7.850 

14.460 

8.820 

5.640 

28.200 

2k 

n 

12 

3.750 

7.410 

4.745 

2.665 

13.330 

3A 

L. 

12 

6.650 

11.930 

6.795 

5.135 

25.680 

4A 

L.P. 

12 

6.300 

11.220 

6.355 

4.865 

24.380 

5A 

L.P.K. 

12 

6.450 

12.000 

7.077 

4.923 

24.620 

6A 

L.P. K.N. 

28 

42.400 

75.300 

40.237 

35.063 

175.330 

SOY 

BEAN  SERIES:  SOY 

BEANS  SEEDED  AFTER  OATS.  • 

lAX 

None 

11 

4.555 

10.100 

7.130 

2.970 

14.850 

2A 

tf 

12 

6.150 

11.200 

6.848 

4.352 

21.760 

3A 

L. 

12 

6.900 

11.900 

6.750 

5.225 

26.130 

4A 

L.P. 

12 

7.400 

12.600 

6.880 

5.720 

28.600 

5  A 

L.P.K. 

12 

5.990 

12.070 

7.37a 

4.692 

23.460 

6A 

L.P.K. N. 

33 

43.400 

80.100 

44.378 

35.724 

178.620 

YIELDS  OTi'  OATS 

65 

SERIES:   CLOVER  SEEDED  WITH  OATS. 

'To  . 

Treatment 

Heads 

Gr. Heads 

Or. Total 

Gr. Straw 

Gr . Grain 

Bu.Par  A. 

■i-Jj 

None 

9 

5.900 

11.300 

6.704 

4.696 

23.480 

Clover 

11 

4.200 

8.240 

5.208 

3.032 

15. 160 

L. 

12 

5.100 

9.350 

5.392 

3.953 

19.790 

4B 

"  L.P. 

12 

5.300 

10.460 

6.398 

4.062 

20  310 

5B 

"  L.P.K 

.  10 

4.800 

9.900 

6.440 

3.460 

17  300 

6B 

"  L.P.K. 

]I  25 

31.950 

60.500 

35.027 

25.473 

127.370 

VETCK 

series:   vetch  seeded  after  OATS. 

IB 

None 

12 

4.400 

7.  GOO 

4.462 

3.138 

15  690 

2B 

Vetch 

11 

3.650 

7.290 

4.736 

2.554 

IP  770 

3B 

"  L. 

12 

4.200 

6.820 

3.986 

2.834 

14   T  70 

4B 

"  L.P. 

12 

5.450 

9.550 

5.314 

4.236 

21  180 

5B 

"  L.P.K 

.  12 

5.490 

10.300 

6.074 

4.226 

21   1  30 

fZt  Jm    •  -LOW 

6B 

"  L.P.K. 

N  32 

40.300 

77.000 

43.463 

33.532 

167.660 

C0\7PEA  SEKI'RS:   COV.TEAS  SEEDED 

AFTER  OATS. 

IBX 

None 

12 

3.650 

6.  000 

3.666 

2.834 

2B 

ft 

12 

4.800 

3.810 

5.410 

3.400 

17  000 

33 

L. 

12 

6.600 

11.440 

6.297 

5.143 

7P0 

4B 

L.P. 

12 

6.550 

11.200 

5.760 

5.440 

P7  pon 

5B 

L.P.K. 

12 

6.650 

10.115 

4.709 

5.406 

L.P. K.N. 

27 

45.800 

77.500 

28.874 

38.628 

193.130 

SOY 

BEAN  series:  SOY 

BEANS  SEEDED  AFTER  OATS. 

IBX 

None 

10 

3.650 

6.800 

4.620 

2.580 

TP      (5  Pi  C) 

2B 

n 

11 

6.800 

12.950 

7.542 

5.403 

P7    0  AO 
/Of,  iJ'ftU 

3B 

"  L. 

9 

4.550 

9.030 

5.405 

3.625 

4B 

L.P. 

6 

4.250 

11.250 

8.127 

3.123 

-L  o .  o<>u 

5B 

L.P.K. 

7 

3.000 

6 . 520 

4.246 

2.274 

11. 370 

D  b 

L.P. K.N. 

32 

49.200 

81,300 

40. 389 

40.911 

204.550 

YIELD?  OP  OAT P. 

66. 

OLOv'  K 

SERIES:   CLOVER  SEEDED  WITH  OATS. 

No. 

Treatraent 

Heads 

G:^.  Heads 

Gr. Total 

Gr.Strav/ 

Gr. Grain 

Bu.Par  A. 

10 

None 

9. 

2.300 

6.000 

4.506 

1.494 

7.470 

30 

Olover 

Tf  O 
13 

3.300 

7.000 

4.547 

2.453 

12. 270 

30 

tl  T 

12 

5.000 

9.600 

5.915 

3.685 

18.430 

40 

n  IT) 

11 

4.950 

9.190 

5.620 

3.570 

17.850 

oO 

11 

4.550 

9.970 

7.155 

o  one 

2.  olo 

14. 080 

60 

"  L.P.K.N.  26 

33.350 

60.200 

32.793 

27.407 

137.04 

VETCH  series:   VETCH  SEEDED  AFTER 

OATS. 

10 

None 

12 

6.000 

9.820 

5.403 

4.412 

22. 060 

Vetch 

12 

4.350 

7.580 

4.273 

3.307 

16.540 

OO 

"  L. 

12 

4.750 

7.200 

3.56G 

3.634 

18.170 

40 

"  L.P. 

12 

5.450 

9.710 

5.556 

4.154 

20.770 

OO 

"  L.P.K. 

12 

4.350 

7.870 

4.810 

3.060 

15. 300 

6C 

"  L.P.K.N 

.  28 

31.750 

59.700 

33.623 

26.077 

130.390 

oov/PEA  series:  OOV/PEA 

S  SEEDED 

AFTER  OAT 

S. 

None 

12 

3.400 

6.430 

3.972 

2.458 

12.290 

n 

12 

5.700 

9.020 

4.868 

4.152 

20.760 

oO 

"  L. 

12 

7.900 

13.300 

7.280 

6.010 

30.050 

"  L.P. 

12 

6.300 

11.900 

5.253 

4.747 

23. 740 

L.P.K. 

12 

5.700 

10.450 

5.923 

4.527 

22.640 

60 

L.P.K.N. 

40 

47.200 

89. 900 

51.177 

38.723 

193.020 

SOY 

BEAN  series:  SOY 

BEANS  SEEDED  AFTER  OATS. 

J. 

None 

12 

5.600 

9.950 

5.711 

4.239 

21.200 

n 

10 

3.950 

7.800 

4.951 

2.849 

14.250 

L. 

12 

6.700 

11.190 

6.044 

5.146 

25.730 

L.P. 

.  12 

6.000 

11.220 

6.703 

4.517 

22. 590 

SO 

L.P.K. 

10 

5.600 

11.200 

6.814 

4.386 

21.930 

oO 

L.P.K.N. 

28 

37.600 

70.300 

40.403 

29.897 

149.490 

YIELDS  OP  OATS,  icorrectea; 

67. 

w  Ll  L'  V .!  1  r 

series:   CLOVER  S-^' 

^ED  ^TITH  OATS. 

No. 

Treatment 

Hes- 

Gr. Total 

Gr. Straw 

Gr. Grain 

Bu.Per  A. 

lA 

None 

12 

5.550 

9.700 

5.387 

4.135 

OA    r* "7  c; 
20 . b  r  o 

2A 

Clover 

12 

4.800 

9.  535 

6.657 

2.928 

14. d40 

3A 

It  T 

1<; 

6.384 

10.372 

6.000 

4.872 

24. 3o0 

4A 

tt               T  Ti 

"       L.  P. 

12 

4.416 

8.916 

5.858 

3.048 

15,240 

5A 

II           T        Ti  XT' 

12 

5.000 

9.440 

5.770 

3.670 

18 . 350 

dA 

37.400 

65.200 

34.298 

30.902 

lo4.  ollJ 

VETCH  series: 

VETCH  SEEDED  WITH  OATS. 

T  A 

lA 

None 

12 

3.750 

8.050 

5.558 

2.4f52 

12. 450 

vetron. 

12 

3.744 

6.840 

4.084 

2.756 

13. 780 

•7  A 

3A 

It  T 

12 

4.875 

9.120 

5.577 

3.543 

17.715 

4A 

It          T  T> 

"     L .  P . 

12 

5.800 

10.500 

6.062 

4.438 

22. 190 

oA 

12 

5.370 

9.510 

5.247 

4.263 

21. 320 

6A 

"  L .  P .  K .  N 

.  21 

35.000 

62.500 

33.391 

29.109 

145. 550 

GOWPEA  SERIES:    CO^H^EAS  S^IEDED  AFTER  OATS. 

lA 

None 

12 

7.850 

14.460 

8.820 

5.640 

28.200 

2A 

12 

3.750 

7.410 

4.745 

2.(365 

13.330 

3A 

L. 

12 

6.650 

11.930 

6.795 

5.135 

25.680 

4A 

L.P. 

12 

6.300 

11.220 

6.355 

4.864 

24.380 

5A 

L.P.K. 

12 

6.450 

12.000 

7.077 

4.923 

24.620 

6A 

L.P.K.H. 

 ■ 

28 

42.400 

75.300 

40.237 

35.053 

175.330 

SOY 

BEANS 

series:   soy  beans  seeded  after  OATS. 

lAX 

None 

12 

4.964 

11.018 

7.773 

3.240 

16.200 

2A 

It 

12 

6.150 

11.200 

6.848 

4.35? 

21.760 

3A 

L. 

12 

6.900 

11.900 

6.675 

26.130 

4A 

L.P. 

12 

7.400 

12.600 

6.880 

5.720 

28.600 

5A 

L.P.K. 

12 

5.990 

12.070 

7.378 

4.692 

23.460 

6A 

L. P.K.N. 

32 

43.400 

80.100 

44.378 

35.724 

178.620 

( 

YTPT.^)   mp  DAT'C; 

CLOVER  SERIES: 

CLOVER  SEEDED  WITH 

DATS. 

Jm  U  , 

X  1     a.  oiiit:;!  I  U 

Heads 

Gr. Total 

Gt.  Strav/ 

ur ,  iTrdin 

ou, r er  A . 

ii  ^ 

n  o 

r?     o  r* 

(  ,  ooo 

15,066 

8,805 

1      T  A  K 
±  .  o  vJ  O 

P.'R 

T  O 
1  d 

O.  O  r  1 

o ,  Woy 

5.  703 

O  .  <'jC5  D 

J-  o .  4  o  u 

O  .  lUU 

9  .  350 

5 . 392 

O  .  OO 

4B 

12 

5.300 

10.460 

6.398 

A    ri  c  o 
4  ,  Ub2 

u .  o  -L  u 

"     Ti  P  K 

12 

5.760 

11.808 

7 . 728 

4.152 

6B 

"  L.P.K.H 

.  26 

33.223 

62.920 

26.428 

26.492 

132.460 

VETCK  series: 

VETCK  SEEDED  Y/ITH  OATS. 

IT? 

"fJnTi  p 

12 

4.400 

7,600 

4.462 

3.138 

2R 

Vet  r»"h 

12 

3.982 

7.953 

5.167 

2,786 

T  ■?     Q  "7  A 

"  Ti 

12 

4.200 

6.820 

3.986 

2.834 

1/1     T  "7  A 

12 

5.450 

9.550 

5.314 

4.236 

OT      1  Q  A 

"         Ti     P  K 

12 

5.490 

10.300 

6.074 

4.228 

O  T      T  "7  A 
/J  1  .  1 3  U 

6B 

"  L.P.K.f] 

.  32 

40.300 

77.000 

43.468 

33.532 

167  Rfin 

cov;pEA  series:  gowpeas  seeded  after  oats. 

Hone 

12 

3.650 

6.  500 

3.666 

2.834 

14.170 

2B 

It 

12 

4.800 

8.810 

5.410 

3.400 

17.000 

3B 

"  L. 

12 

6.500 

11.440 

6.297 

5.143 

25,720 

43 

L.P. 

12 

6.550 

11.200 

5.760 

5.44  0 

27.2000 

5B 

L.P.K. 

12 

6.650 

10.115 

4.709 

5.406 

27.030 

6B 

L.P.K.N. 

27 

45.800 

77.500 

28,' 874 

38.625 

193.130 

SOY  BEA^f  SERIES:   SOY  BEANS  SEEDED  APTEF 

OATS. 

IBX 

None 

12 

4.380 

8.160 

5.  064 

3.096 

15.480 

2B 

M 

12 

7.413 

14,127 

8,227 

5,900 

29.500 

3B 

"  L. 

12 

6.  067 

12.039 

7.206 

4.833 

24.165 

4B 

L.P. 

12 

8.560 

22.500 

16.254 

6  .  246 

31.230 

L.P.K. 

12 

5.153 

11.177 

7.279 

3.980 

19.490 

6B 

L.P.K.N. 

32 

49.200 

81.300 

40,389 

40,911 

204,550 

xIJjLDS  OF  OATS 

,  ( corrected ) 

69. 

O  Li  w  V    1  Ji 

SERIES:    0 LOVER  SEEDED  WITH  OATS. 

No. 

Treatment 

Or .  ]{e3.ds 

Or. Total 

Or.  Stra?^ 

Gr. Grain 

Bu.Per  A. 

10 

Tlone 

13 

3.  060 

7.992 

6.000 

3.  OoO 

9  .  960 

2G 

Clover 

3.300 

7.000 

4.547 

2.453 

12.2  ^ 0 

30 

M  T 

5.  000 

9.600 

6.915 

3.685 

18 . 430 

40 

•1  TO 

5.400 

9.  995 

6.100 

3.  895 

19 . 465 

OU 

M         T      ID  If 

4.964 

10 . o  7  b 

7  .  805 

3.  071 

15 . 355 

DO 

W    T.    P    T,"  f.! 

33.350 

60.200 

32.794 

27.407 

±o I m U4U 

VETOH  series: 

VETCH  SEE 

DED  WITH 

OATS. 

10 

Hone 

12 

6.000 

9.820 

5.408 

4.412 

22. 060 

veLCn 

12 

4,350 

7.580 

4.273 

3.307 

16 . 540 

30 

n  T 

12 

4.750 

7.200 

3.566 

3.634 

18 . 170 

A  n 

It  TO 

12 

5.450 

9.710 

5.556 

4.154 

20.770 

OU 

H         T      O  IT 

12 

4.350 

7.870 

4.810 

3.060 

15. 300 

60 

"  L .  P .  K ,  N 

.  28 

31.750 

59.700 

33.623 

26.077 

130. 390 

OOWEA  SEPJT!S:   00VTEA8  S  ED5D 

AFTER  OATS. 

10a 

None 

12 

3.400 

6.430 

3.972 

2.458 

12, 290 

/dO 

n 

12 

5.700 

9.020 

4.868 

4.152 

20. 760 

L. 

12 

7.900 

13.300 

7.280 

6.010 

30 . 050 

L.P. 

12 

6.300 

11.900 

5.253 

4.747 

23. 740 

DO 

L.P.K. 

12 

5.700 

10.450 

5.923 

4.527 

22. 640 

DO 

L.P.K.H. 

40 

47.200 

89.900 

51.177 

38.723 

193. 620 

SOY 

BEAN  series:    SOY  BEANS  SEEDED  AFTER  OATS. 

lOX 

None 

12 

5.600 

9.950 

5.711 

4.239 

21.200 

20 

12 

4.740 

9.360 

5.941 

3.419 

17.195 

30 

"  L. 

12 

6.700 

11.190 

6.044 

5.146 

25.730 

40 

L.P. 

12 

6.000 

11.220 

6.703 

4.517 

22.590 

50 

L.P.K. 

12 

6.720 

13.440 

8.177 

5.263 

26.315 

61 

L.P.K.N.. 

28 

37.600 

.7J1^00 

40.403 

29.897 

149.490 

±  ^  2.J  U  JJ  KJ       \J  ^        \J  I\X  K>  •        xl/JJJ  LTV  W  J!  J            1         ±,  ILJA 

PHRE 

L  XL  A 

EAHK  TiEGinrr  70 

GLOV^K  SERIES:  CLOVTIR 

SEEDED  WITH 

(1 

• 

ilo. 

Troatment 

Gr.  Straw 

* 

Gr,  Grain 

• 

Bii.  Per  A. 

1. 

None 

6.731 

4.127 

on  fl  OCX 

2. 

Clover 

5, 636 

2.889 

14.400 

3. 

"  L, 

5.  769 

4.172 

20.860 

4. 

"  L.P. 

6.122 

3.668 

18. 309 

5. 

"  L.P.K. 

7.101 

3.631 

±o . loo 

G. 

"     L.P. K.N. 

34.506 

28 . 267 

141. ooo 

VETCH  series:  VETCH 

DED  WITH 

OATS 

1. 

None 

5.143 

3.347 

lb . 1 oo 

2. 

Vetch 

4.508 

2.  950 

1  /I     C  ETC 

14.bab  1 

3. 

"  L. 

4.376 

3.  337 

i: 

16.685  I 

4. 

"  L.P. 

5.647 

4.276 

O  T     TO  r\ 

5. 

L.P.K. 

5.377 

3.848 

ly  .  <j4U 

6. 

L.P.K. 11. 

36.827 

29.573 

14  ^  . ODO 

COY/PEAS  SERIES:  COWEAS 

SE" 

DED  AFTER 

OAT 

0. 

1. 

None 

5.486 

3.644 

lo.l^b 

2. 

None 

5.008 

3.406 

17.030 

3. 

L. 

6.790 

5.429 

27.145 

4. 

L.P. 

5.789 

5.017 

25.085 

5. 

6. 

L.P.K. 
L.P. K.N. 

5.903 
40.096 

4.952 
37.471 

190. 480 

SOY  BEAN  SERIES:   SOY  BEANS 

SEEDED  AFTER 

OAi  S . 

1 

• 

None 

6.184 

3.525 

■1 

1(^.625 

2. 

None 

7.005 

4.557 

22.784 

3. 

■L. 

6.642 

5.068 

25.380 

4. 

L.P. 

6.612 

5.828 

29.140  ' 

5. 

L.P.K. 

7.611 

4.613 

23.090 

6. 

L.P. K.N. 

41.723 

35.511 

176.920 
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YIELDS  OF  OATS. 
AVERAGE  OF  THE  COWPEA  AND  SOY  BEAN  SERIES:   OATS  ALONE. 


(It*     (T-tp  i  n 

1. 

None 

5.835 

3.584 

17.920 

2. 

None 

6.007 

3.982 

19.910 

i 

3. 

L. 

6.716 

5.259 

26.295 

4. 

L.P. 

6.201 

5.423 

27.115 

5. 

L.P.K. 

6.757 

4.769 

23.876 

6 . 

L.P.K.IT. 

40.910 

36.491 

185.580 

The  following  tables  shov/  the  relation  between  the  oats 
2rown  with  legumes  and  oats  grown  without  legumes.    It  can 
be  seen  that  the  oats  grown  without  legujnes  in  all  cases  pro- 
duoed  a  larger  yield  of  grain  and  in  all  except  one  instance 
produced  a  larger  yield  of  straw.    The  growing  of  the  legumes 
with  the  oats  decreased  the  yield  about  twenty  five  per  cent. 
Thus  growing  l^^guraes  with  oats  decreases  the  yield  coiisider- 
able . 


SH0\7I1IG  THE  INCREASE  OP  OATS  ALONE  OVER  OATS  lYITH  CLOVER. 


No. 

Treatment 

Gr.  Stravf. 

Gr.  Grain 

Bu.  Per  A. 

2. 

Hone 

0.371 

1.093 

5.455 

3. 

L. 

0.947 

1.037 

5.435 

4. 

L.P. 

0.079 

1.755 

8.806 

5. 

L.P.K. 

-0.344 

1.138 

5.721 

6. 

L.P. K.N. 

6.404 

44.245 

SHOTIIIG  INCREASE  0? 

'  OATS  ALONE  OVER  OATS  WITH 

VETCH. 

no . 

Treatment 

Gr.  Strav: 

Gr.  Grain 

BU.  Per  A. 

2. 

None 

1.499 

1.032 

5.254 

3. 

L. 

2.340 

1.922 

9.610 

4. 

L.P. 

0.554 

1.127 

5.735 

5. 

L.P.K. 

1.380 

0.921 

4.636 

6. 

L.P. K.N. 

4.083 

6.918 

37.715 
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The  grains  in  one  of  the  series  v/ere  counted  in  order 
to  shov;  the  relation  of  the  number  of  grains  betv/een  the  dif- 
ferently treated  pots.    The  result  was  as  follows:- 


COV/PEA  SERIE 

S. 

No. 

Treatment 

No.  Grains. 

IGX 

None 

180 

20 

None 

258 

30 

L. 

243 

40 

L.P. 

257 

50 

L.P.K. 

232 

60 

L.P. K.N. 

2261 

Although  Pot  1  riuis  lov/er  than  a.ny  of  the  others  it  can- 
not be  due  to  the  fact  that  it  was  untreated  since  Pot  2  was  , 
also  untreated.    With  this  exception  we  find  no  definite  var- 
iation u:".til  Pot  6  is  reached;  the  phosphorus  and  potassium 
seeming  to  have  had  no  effect  upon  the  nujiiber  of  grains  pro- 
duced.   Hov/ever,  v/hen  nitrogen  is  added  a  very  decided  in- 
crease takes  place  in  the  number  of  grains  produced. 

i! 
ii 


\ 


In  order  to  see  if  there  existed,  a  relation  between  tlie 
size  of  the  grain  produced  and  the  fertilizer  applied  or 
whether  the  number  of  grains  produced  effected  the  size  the 
average  v/eights  of  the  grains  of  the  sanie  series  were  deter- 
mined. 

AVERAGE  \7EIGHT  OF  GRAIN. 
00\7PEA  SERIES. 


No. 

Treatment 

Wt.  in  Gr. 

lOX 

None 

0.0136 

20 

None 

0.0161 

30 

L. 

0.0152 

40 

L.P. 

0.0185 

50 

L.P.K. 

0.0195 

60 

L.P. K.N. 

0.0173 

Pot  1  which  contained  the  least  number  of  grains  also 
contained  the  smallest  grains.     The  fact  that  they  are  small- 
er than  those  of  Pots  2  &  3  cannot  be  due  to  fertilizers  ap- 
plied since  all  received  the  same  treatment  except  that  lime 
7/as  applied  to  Pot  3.    It  is  not  due  to  the  number  of  grains 
produced  as  Pot  1  not  only  produced  the  least  nui-iiber  but  also 
the  smallest  grains.    Though  phosphorus  had  no  effect  on  the 
number  of  grains  produced  it  had  a  very  noticable  effect  on 
the  size  of  the  grains,  those  in  Pots  4  &  5  weighing  consid- 
erably more  than  those  in  1,  2,  &  3.    A  comparison  of  Pots 
4  &  5  would  seem  to  show  that  potassium  has  an  effect  on  the 
size  of  the  grain  though  the  difference  is  too  slight  to 


warrent  a  definite  oonolusion.    In  Pot  6  v/liere  nitrogen  is  a 
added  the  average  weight  of  a  grain  is  less  than  in  Pots  4  & 
5  while  it  is  greater  than  in  Pots  1,  2,  &  3.     It  would  seem 
then  that  the  nitrogen  has  the  effect  of  increasing  the  number 
of  grains  produced  but  does  not  materially  effect  the  size, 
the  slight  increase  probably  being  due  to  the  phosphorus  ap- 
plied along  with  the  nitrogen.     The  number  of  grains  produced 
in  this  case  being  so  "luch  greater  than  in  any  other  may  also 
have  a  tendency  to  reduce  the  size  of  the  average  grain. 


In  order  to  determine  the  effect  of  the  different  fer- 
tilizers on  the  oomposition  of  the  oat  crop  an  analysis  of 
the  grain  and  straw  was  made  to  determine  nitrogen  and  phos- 
phorus.   In  order  to  get  enough  material  for  analysis  and 
also  a  uniform  sample  it  was  necessary  to  ]?iix  the  crop  from 
duplicate  pots.    The  crop  from  the  cowpea  and  soy  bean  series 
was  taken  for  analysis  in  order  to  exclude  any  effect  which 
clover  or  vetch,  in  growing  with  the  oat  crop,  might  have  on 
the  composition.    Thus  each  sample  contained  the  crop  from 
six  pots  which  had  all  received  the  same  treatment.    The  sam- 
ples v/ere  prepared  for  analysis  by  thoroughly  air  dr^^'ing  and 
grinding.     In  grinding  the  samples  were  run  through  the  mill 
from  three  to  four  times  in  order  to  secure  a  uniform  sample 
as  well  as  to  secure  the  fineness  of  material  which  is  neces- 
sary in  order  to  make  possible  a  correct  chemical  analysis. 
After  grinding  the  material  wls  put  in  jars  until  samples 
were  taken  for  analysis.    The  dry  matter  was  determined  and 
then  the  percent  of  nitrogen  and  phosphorus  estimated  on  the 
dry  basis. 


COMPOSITION  OF  OAT  GRAIN  AND  OAT  STRAW. 

( Dry  Basis ) 
OAT  GRAIN. 


No. 

Treatment 

<^^j  Lloisture 

^jo  Nitrogen 

^vj  Phosphorus 

1. 

None 

6.797 

2.134 

0.538 

2. 

None 

6.430 

2.108 

0.642 

3. 

L. 

6.872 

2.337 

0  .  50  2  1 

4. 

L.P. 

7.158 

2.339 

0.572 

5. 

L.P.K. 

6.581 

2.383 

0.554 

6. 

L.P. K.N. 

6.769 

2.485 

0.  5,?7 

OAT  STRAW. 

1. 

None. 

5  • 

0.625 

0.175 

2. 

None 

5.097 

0.666 

0.241 

3. 

L. 

5.113 

0.736 

0.236 

4. 

L.P. 

3.114 

0.607 

0.529 

5. 

L.P.K. 

3.332 

0.618 

0.568 

6. 

L.P. K.N. 

3.950 

0.500 

0.560 

FroiTi  the  anal3''3i?5  there  can  be  dravm  no  definite  oonolu- 
sion  that  the  content  of  nitrogen  has  been  effected  by  the 
different  treatments.    Although  in  the  caae  of  the  grain  Pot 
6,  the  only  one  to  r/hich  nitrogen  7/as  applied  as  a  fertilizer, 
contains  a  slightly  larger  per  cent  of  nitrogen,  the  strav/  in 
the  same  pot  contains  a  decidedly  less  per  cent  of  nitrogen 
than  that  frora  the  other  pots.     The  phosphorus  as  v/ell  as  the 
nitrogen  shov/s  no  definite  variation  in  the  grain,  however, 
in  the  straw,  phosphorus  has  had  an  exceptionally  marked  ef- 
fect on  the  composition.     The  strav/  in  Pots  4,  5,  &  6  which 
received  phosphorus  as  a  fe  'tilizer  contained  over  twice  the 
per  cent  of  phosohorus  as  did  that  from  Pots  1,  2,  &  3  which 
received  no  phosphorus.     This  would  indicate  that  an  appli- 
cation of  phosphorus  on  this  soil  has  a  decided  influence  on 
the  composition  of  the  straw,  and  it  will  also  indicate  that 
the  soil  is  low  in  available  phosphorus. 
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AMOUNT  OF  FERTILITY 

,1 

OAT 

P  TZ>  A  T  IT 

11 

!Io. 

Treatment 

Lbs. Nitrogen 

Lt)  s .  Pho  spliorus 

1. 

None 

11.459 

2.869 

2. 

None 

12.606 

3.839 

3. 

L. 

18.392 

3.951 

4. 

L.P. 

18.823 

4.627 

5. 

L.P.K. 

17.062 

3.967 

6. 

L.P.K.n. 

135.905 

28.a.?2 

OAT 

STRA.W. 

1. 

None 

5.425 

1.547 

2. 

None 

6.087 

2.203 

3. 

L. 

7.522 

2.412 

1 

4. 

L.P. 

5.779 

5.036 

5. 

L.P.K. 

6.464 

5.941 

6. 

L.P.K.N. 

31.485 

35.263 

The  above  table  was  computed,  from  an  average 
of  the  cowpea  and  soy  bean  series,  the  analysis 
having  been  made  of  the  same. 
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TOTAL 

AMOUNT  OF  FERTILITY  REMOVED  PER 

ACRE  BY  OAT  CROP. 

No. 

X  -I-  W  CA  vXii^  Li,  ^ 

Lbs.  PhOGplioru 

1. 

None 

16.884 

4.416 

2. 

None 

18.693 

6.042 

3. 

L. 

25.914 

6.363 

4. 

L.P. 

24.602 

9.663 

5. 

L.P.K. 

23.526 

9.908 

6. 

L.P. K.N. 

167.390 

64.085 

SHOY/ING  THE  4MOUNTS  OP  NITROGEN      PHrSPHORUS  APPLIED  AS 
COMPAPJSD  V/ITH  THE  AMOUNTS  REMOVED  PER  ACRE  BY  THE  OAT  CROP. 


No. 

Treatment 

11.  & 

P.  Applied 

N.   &  P.] 

^en:ioved 

N . &  P . Remaining 

H. 

P. 

N. 

P. 

N. 

P. 

1. 

None 

0 

0 

16.884 

4.416 

0 

0 

2. 

None 

0 

0 

18.693 

6.042 

0 

0 

3. 

L. 

0 

0 

25.914 

6.363 

0 

0 

4. 

L.P. 

0 

128.832 

24.602 

9.663 

0 

119.169 

5. 

L.P.K. 

•  0 

128.832 

23.526 

9.908 

0 

118.924 

6. 

L.P. K.N. 

327.520 

128.832 

167.390 

64.085 

160.130 

64.747 

WEIGHTS  OF  CLOVER. 
CLOVER  HAY. 
SERIES  "A" 


No. 

Treatment 

Gr.  Per  Pot 

Tons  Per  Acre 

o 

None 

22.30 

1.784 

3. 

L. 

25.00 

2.000 

4. 

L.P. 

45.00 

3.600 

5. 

L.P.K. 

62.00 

4.960 

6. 

L.P.K.H. 

40.  GO 

3.248 

SERIES  »B" 

o 

(J  • 

Hone 

21.50 

1.720 

3. 

L. 

29.50 

2.360 

4. 

L.P. 

46.50 

3.720 

5. 

L.P.K. 

65.50 

5.240 

6. 

L.P.K.H. 

55.50 

4.440 

CLOVER  ROOTS. 

SERIES  "A". 

2. 

None 

11.70 

0.936 

3. 

L. 

8.90 

0.712 

4. 

L.P. 

18.70 

1.496 

5. 

L.P.K. 

26.00 

2.080 

G. 

L.P. K.N. 

29.70 

2.376 

82 


FroiTi  the  weights  of  the  olover  hay  in  the  preceeding 
table,  line  seems  to  have  a  beneficial  effect  upon  the  gro7;th 
of  the  clover  aa  the  weight  of  the  hay  in  both  cases  was  great- 
er for  Pot  3  than  for  Pot  2,     The  ohos chorus  also  shov/s  bene- 
ficial resixlts;  Pot  4  in  which  phosphorus  has  been  added  pro- 
ducing nearly  double  the  amount  of  clover  as  those  receiving 
only  line ,  and  raore  than  tv/ice  as  much  as  was  produced  oy  Pot 
2,    By  comparing  the  v/eights  of  Pots  4  &  5  it  seems  that  po- 
tassiuj-a  has  also  had  a  beneficial  effect  upon  the  growth  of 
the  clover,  yet  the  groY;th  of  the  other  legvimes  do  not  in  all 
cases  support  this  conclusion.     In  the  ca -ri  of  Pot  6  v/here 
nitrogen  was  added  the  growth  was  less  than  in  Pot  5,  and  com- 
pares well  v/ith  that  in  Pot  4.    This  smaller  production  of 
Pot  6  as  compared  with  Pot  5  may  be  due  to  one  or  raorti  of 
the  follovang  reasons:  first,  that  the  larger  growth  of  oats 
in  Pot  G  had  rem.oved  more  of  the  phosphorus  or  potassiujii,  or 
both,  than  v/as  removed  by  the  smaller  growth  in  the  other  pots; 
second,  that  the  larger  and  ranker  growth  of  oats  in  Pot  6 
shaded  the  clover  while  young  and  thus  may  have  stunted  its 
growth;  third,  that  tubercles  did  not  develop  so  well  in  this 
pot  owing  to  the  presence  of  available  nitrogen.     This  last 
reason  v/as  strengthened  by  an  examination  of  the  roots  v/hich 
were  found  not  to  be  so  well  inoculated  as  those  in  Pots  4  & 
5.    However,  this  difference  in  inoculation  seemed  hardly  suf- 
ficient to  account  for  all  the  variation.    Further,  a  study 
of  the  growth  of  the  clover  after  the  oats  v/ere  harvested 
hardly  justifies  much  weight  being  place  on  the  second  rea- 
son,  since  the  relation  of  the  growth  of  the  olover  in  the  


different  pots  remained  a'oout  tlie  same.    Although  it  cannot 
be  definite proven,  yet  it  would  seem  that  the  lack  of  a- 
vailable  phosphorus  in  Pot  6  caused  by  the  excess  growth  of 
oats  effected  the  growth  of  the  clover  more  than  any  other 
cause. 

ROOTS. 

The  relation  of  the  v/eights  of  the  roots  from  Pots  2  &  3 
is  unexpected  and  cannot  be  explained.    Pots  4  &  5  show  a  re- 
lation very  similar  to  that  of  the  hay  from  these  pots,  the 
7^eight  of  the  roots  from  Pot  4  being  greater  than  those  froin 
Pots  2  &  3,  and  those  from  Pot  5  somewhat  in  excess  of  those 
from  Pot  4.    However,  Pot  6  does  not  bear  this  relation  since 
the  weight  of  the  roots  is  greater  than  those  of  Pots  4  &  5 
while  the  hay  weighs  less. 
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COMPOSITION  OP  GLOVER  HAY. 
( Dry  Banis ) 


Treatment 

"yo  Moisture 

TIitro,[;;en 

Phosphorus 

2. 

None 

5.174 

2.7:>?>1 

0.163 

3. 

L. 

4.641 

2.294 

0.203 

4. 

L.P. 

4.887 

2.649 

0.425 

5. 

L.P.K. 

3,430 

2.500 

0.429 

6. 

L.p.K.n. 

3.403 

2.640 

0.344 

From  the  above  table  little  difference  is  found  in  the 
per  oent  of  nitrogen  although  the  hay  from  Pots  4,  5,  &  6  con- 
tains a  slightly  larger  per  cent  of  nitrogen  than  that  from 
Pots  2  &  3  being  due  possibly  to  better  inoculation.  There 
is  a  very  marlied  increase  in  the  per  cent  of  phosx^horus  in 
the  hay  grown  on  Pots  4,  5,  &  6  over  that  from  Pots  2  &  3. 
In  the  case  of  Pots  4  &  5  the  phosphorus  was  over  tv/ice  that 
in  Pots  2  ?f.  3  to  which  no  phosphorus  was  added.     The  per  cent 
of  p'losphorus  in  the  clover  from  Pot  6  is  notioably  lov/er  than 
that  of  Pots  4  &  5.    This  is  undoubtedly  due  to  the  fact  that 
the  larger  grov/th  of  oats  removed  considerably  more  phosphor- 
us from  this  pot  than  v/as  removed  by  the  oats  from.  Pots 
4  &  5. 
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COMPOSITION  OF  CLOVER  ROOTS. 
( Dry  Basis ) 


No. 

Treatment 

Moisture 

Nitro,^/5n 

0  Phosphorus 

1  2. 

None 

4.602 

2.005 

0.191 

3. 

L. 

5.452 

2.126 

0.211 

4. 

L.P. 

4.886 

2.216 

0.423 

5. 

L.P.K. 

6.246 

2.119 

0.310 

6. 

L.P.K.  11. 

5.887 

1.861 

0.355 

The  relation  of  the  nitrosen  and  phosphorus  content  of 
the  roots  froiti  the  cij.fferent  pots  is  soraevmat  similar  to  that 
existing  in  the  hay  from  the  same  pots.     In  both  oases  the 
phosphorus  is  nearly  double  in  those  pots  to  Y/hich  phosphorus 
was  added.     The  roots  in  Pot  6  are  lower  in  nitrogen  than  th 
those  from  any  other  pot.    The  per  cent  of  nitrogen  in  the 
hay  from  this  pot  does  not  bear  the  same  relation  to  that 
in  the  hay  from  the  other  pots  as  does  that  in  the  roots. 
By  a  comparison  of  the  weights  of  the  roots  and  hay  from  Pot 
6  with  that  of  other  pots  it  is  found  that  the  proportion  of 
roots  to  hay  is  much  larger.     This  would  tend  to  lower  the 
per  cent  ofi  nitrogen  in  the  roots  and  to  increase  it  in  the 
hay.     The  poorer  inoculation  v/hich  vit.s  found  in  Pot  6  prob- 
ably had  more  to  do  with  this  variation  than  the  above  reason, 
since  the  tubercles  which  were  analyzed  with  the  roots  run  v 
very  high  in  nitrogen. 


AMOUNT  OP  FERTILITY  PER  ACRE  IN  CLOVER. 
CLOVER  HAY. 
SERIES  "A" 


No . 

Treatnent 

Lt)f3.  Nitro:;en 

Lbs.  Pho ST)ho rus . 

2. 

None 

80.764 

4.929 

,  3. 

L. 

87.699 

1  ,(  o± 

4. 

L.P. 

181.774 

29 . 1d4 

5. 

L.P.K. 

239.675 

41 . 14o 

6, 

L.P.K.N. 

165.845 

21. 610 

GLOVER  ROOTS. 

SERIES  "A" 

2. 

None 

35.869 

3.417 

j    ,        .  ■  3, 

L. 

28.701 

2.849 

1 

'  4. 

L.P. 

63.200 

12.064 

i  5. 

L.P.K. 

82.980 

12.140 

6. 

L.P.K.n. 

83.522 

16.932 

'                     TOTAL  AMOUNT  OP  FERTILITY  PER  ACRE  IN  CLOVER 

SERIES  "A" 

Ho. 

Treatnent 

Lbs.  Nitrogen 

Lb  g .  Plio sphorus . 

2. 

None 

116.633 

8.346 

1  ^* 

L. 

116.400 

10.610 

L.P. 

244.974 

41.228 

5. 

L.P.K. 

322.655 

53.285 

! 

G. 

L.P.K.N. 

249.367 

38.542 

WEIGHTS  0?  VETCH. 
VETCH  HAY 
SERIES  "A" 


llo. 

Treatirient 

Gr.  Per  Pot 

Tons  Per  Acre 

2. 

None 

3.900 

0.312 

3. 

L. 

5.900 

0.472 

4. 

L.P. 

31.000 

2.480 

5. 

L.P.K. 

22.200 

1.760 

6. 

L.P. K.N. 

22.400 

1.792 

SERIES  "B" 

2. 

None 

5.500 

0.440 

3. 

L. 

5.300 

0.424 

4. 

L.P. 

15.000 

1.200 

5. 

L.P.K. 

13.700 

1.080 

6. 

L.P.K.TI. 

25.700 

2.056 

VETCH  ROOTS 

SERIES  "B" 

2. 

None 

0.595 

0.048 

3. 

L. 

0.309 

0.025 

4. 

L.P. 

4.240 

0.339 

5. 

L.P.K. 

1.130 

0.090 

6. 

L.P. K.N. 

1.580 

0.126 

88. 


Prom  the  fact  that  the  spiders  did  considerable  damage 
to  Pots  4  B  and  5  B,  no  accurate  conclusion  can  be  based  on 
the  growth  in  these  pots.     In  the  case  of  series  "A"  line 
seems  to  have  had  a  beneficial  effect  on  the  grov/th,  while 
in  series  "B"  this  does  not  show  since  the  weights  of  the 
vetch  from  Pots  2  &  3  are  practically  the  same.    As  with  the 
clover,  in  the  pots  where  ohos^'horus  was  applied  the  growth 
was  greatly  increased.     The  average  increase  in  growth  being 
about  four  times  that  of  pot  3.    The  potassium  in  all  cases 
seems  to  have  had  a  detrimental  effect,  this  being  the  oppo- 
site to  that  noted  in  the  cane  of  the  clover.    The  results 
are  so  variable  that  no  conclusions  can  be  drawn  from,  the 
effects  of  the  nitrogen.    The  physical  condition  of  the  soil 
on  7/hich  the  vetch  7/as  grown  was  found  to  be  much  poorer  than 
that  in  the  other  series,  which  probably  accounts  for  some 
of  the  variations  found. 

The  roots  7rere  in  very  poor  condition  when  dug,  many  of 
them  having  started  to  decay.    This  is  especially  true  in  Pots 
2  &  3,  and  ')robably  accounts  for  the  fact  that  the  weight  of 
roots  from.  Pot  3  was  less  than  that  from  Pot  2,  since  the 
weight  of  the  tops  from  Pot  3  was  considerably,  greater  than 
that  from  Pot  2,    The  ohosphorus  shov/s  an  increase  in  the 
weight  of  ths  roots.     The  poor  condition  of  the  roots  hardly 
justifies  any  further  conclusions. 


COMPOSITION  OF  VETOK  HAY. 
( Dry  Basis ) 
SERIES  "A" 


No. 

Treatment 

Moisture 

yj  Nitrogen 

''p  Phosphorus: 

2. 

None 

5.591 

1.481 

0.325 

3. 

L. 

5.186 

1.325 

0.257 

4. 

L.P. 

5.278 

1.459 

0.708 

5. 

L.P.K. 

5.440 

1.402 

0.783 

6. 

L.P.K. II. 

5.221 

1.497 

0.736  ' 

COMPOSITION  OP  VETCK  ROOTS. 

( Dry  Basis ) 

SERIES  "A 

It 

V\o 

Treatment 

f)  Moisture 

"fj  Nitrogen 

■.  Phosphorus 

2. 

None 

2.165 

- 

3. 

L. 

2.493 

4. 

L.P. 

4.679 

0.361 

5. 

L.P.K. 

2.044 

6. 

L.P.K.N. 

1.667 

In 

the  caBe  of 

the  hay  the  variation  of  the 

nitrogen 

content 

is  so  small 

that  it  shows  no  effect  of  the  different 

treatments  on  the  composition.  The  phosphorus,  however,  has 
had  the  saiTie  effect  on  the  composition  as  it  did  in  the  case 
of  the  clover. 

In  the  analysis  of  the  roots  the  amount  of  material  was 
so  amall  in  all  cases  except  Pot  4  that  no  phosphorus  deter- 
minations could  he  made.    The  nitrogen  determination  on  Pot 
4  was  lost.    No  conclusions  can  he  dravm  from  these  results. 


AMOUNT  OP  FERTILITY  PER  ACRE  IN  VETCH. 
VETCH  HAY 
SERIES  "A" 


Ho. 

Treatriient 

Lbs.  nitrogen 

Lb  n .  Pho  nplio  ru s 

2. 

None 

8.190 

1.797  j 

3. 

L. 

11.899 

2.308  ! 

4. 

L.P. 

68.733 

33.354 

5. 

L.P.K. 

46.799 

26.137 

6. 

L.P. K.N. 

50.988 

25.068 

VETCH  ROOTS. 

SERIES  "A" 

2. 

None 

19.611 

3. 

L. 

12.315 

4. 

L.P. 

2.449 

5. 

L.P.K. 

36.955 

6. 

L.P. K.N. 

42.142 

1 

Owing  to  the  incomplete  results  on  the  vetch 
roots,  it  is  impossible  to  deteririine  the  total  a- 
moimt  of  fertilit3^  removed  per  acre. 
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YIELDS  OF  OOV/PEAS. 


It  A  It 

"A"  . 

No. 

Treatment 

No. 

Pods 

No . 

Peas 

ur.  strav.' 
Per  Pot 

T . sxraw 
Per  A. 

vir.  1  eas 

Per  Pot 

Jj D S  .  redo 

Per  Acre 

o 

('  . 

None 

11 

116 

19.00 

1.020 

10.80 

1728 

3. 

L. 

10 

95 

22.70 

1.816 

9.70 

1552 

4. 

L.P. 

17 

150 

31.20 

2.496 

16.00 

2560 

5. 

L.P.K. 

18 

175 

29.50 

2.360 

17.70 

2832 

6. 

L.P.K.iT. 

17 

176 

24.80 

1.984 

17.40 

2784 

SERIES  "B" 

2. 

None 

13 

131 

26.50 

2.120 

12.70 

2032 

3. 

L. 

18 

161 

22.50 

1.800 

13.40 

2144 

4. 

L.P. 

12 

153 

27.10 

2.168 

17.40 

2784 

5. 

L.P.K. 

18 

189 

31.50 

2.520 

17.50 

2800 

.  6. 

L.P. K.N. 

17 

198 

31.00 

2.480 

19.70 

3152 

WEIGHTS  OP  COWPEA  ROOTS. 
SERIES  "A". 


No. 

Treatment 

Gr.  Per  Pot 

Tone  Per  Acre 

2. 

None 

2.400 

0.192 

3. 

L. 

6.300 

0.504 

4. 

L.P. 

3.800 

0.304  ' 

5. 

L.P.K. 

3.000 

0.240 

G . 

L.P. K.N. 

3.500 

0.280 

By  a  stud3''  of  the  table  shov/ing  the  yields  of  cowpeas 
it  is  seen  that  the  addition  of  phosphorus  as  a  fertilizer 
is  alv/ays  attended  by  an  increase  in  the  size  of  the  seed,  a 
and  also  by  an  increase  in  the  production  of  peas  per  pot. 
Considering  both  series  no  generalizations  can  be  made  regard- 
ing the  different  treatments  except  that  an  application  of 
phosphorus  always  gives  an  increased  production. 

A  study  of  the  table  showing  the  weights  of  the  covroea 
roots  shows  that  an  application  of  Phosphorus  caused  an  in- 
crease in  weight  of  roots  over  Pot2.    Howei^er,  Pot  3  seems 
to  have  had  an  abnormal  root  development;  the  v/eight  of  the 
roots  being  vastly  greater  than  that  of  those  of  any  other 
pot.    This  seems  strange  since  this  same  pot  produced  the 
smallest  amour. t  of  grain  and  next  to  the  smallest  am.ount  of 
straw  of  any  ■■)ot  of  the  series,  thus  this  increase  in  v/eight 
cannot  v/ith  justice  be  ascribed  to  the  lime. 


COMPOSITION  OP  GOVfPEA  GRAIN. 
( Dry  Basis ) 
SERIES  "A". 


]Jo. 

Treat::,  en  t 

Moisture 

NitrOi'^Gn 

P'lO'^rolioruB 

2. 

None 

9.021 

4.142 

0.397 

3. 

L. 

8.143 

4.407 

0.403 

.  4. 

L.P. 

8.239 

4.181 

0.578 

5. 

L.P.K. 

8.003 

4.065 

0.570 

6. 

L.P.K.II. 

7.631 

4.119 

0.507 

COMPOSITION  OF 

COWPEA 

STRAW. 

(Dry  Basis) 

SERIES 

"A" 

• 

No. 

Treatment 

'jo  Moisture 

Nitrogen 

4> 

Phosphorus 

2. 

None 

6.967 

1.453 

0.147 

3. 

L. 

5.702 

1.959 

0.136 

4. 

L.P. 

7.463 

1.794 

0.199 

L.P.K. 

8.134 

± ,  1  no 

L.P.K.N. 

8.465 

1 .  773 

0 . 271 

COMPOSITION  OF 

COWPEA 

roots: 

(Dry  Basis) 

SERIES  " 

A". 

No. 

Treatr.i-r;.t 

Moisture 

Nitrogen 

Phosphorus 

2. 

None 

4.887 

0.742 

0.188 

3. 

L. 

5.507 

0.687 

0.193 

4. 

L.P. 

5.708 

0.792 

0.230 

5. 

L.P.K. 

5.529 

0.942 

0.386 

6. 

L.P.K.N. 

6.292 

0.856 

0.347 

The  only  thing  whicn  the  analysis  of  the  covrpea  grain 
and.  straw  sho'/^s  is  that  in  all  cases  where  phosphoru.s  was 
added  as  a  fertilizer  it  had  an  influence  upon  the  coniposi- 
tion  of  the  crop  the  same  as  it  had  in  the  case  of  the  other 
legiunes.     The  addition  of  phos  horus  as  a  fertilizer  material 
ly  increased  the  content  of  phosphorus  in  both  the  grain  and 
the  strav/,  the  proportional  increase  being  greater  in  the 
case  of  the  straw. 

Although  t-i.ere  was  no  material  difference  in  the  nitro- 
gen content  of  the  grain  or  strav/,  in  the  case  of  the  roots 
where  phosphorus  v/as  added  there  was  an  increase  in  the  per 
cent  of  nitrogen  prot)ahl3''  due  to  bett  .r  inoculation.  The 
per  cent  of  phosphorus  v,ras  incre -sed  considerably'  ?/here  phos- 
phorus was  added  as  a  fertilizer,  even  more  so  than  in  the 
case  of  the  grain  or  straw. 
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AMOUNT  OP  FTIRTILITY  PER  ACRE  m  GOWPEAS. 
COtiTPEA  GRAIN. 
SERIES  "A" 


No. 

Treatment 

Lbs.  Nitrogen 

Lbs.  Phosphorus 

2. 

None 

65.651 

6.292 

3 

L. 

63.240 

5.783 

4. 

T.  P 

98.881 

J.  O  .  O  O  rJ 

5. 

L.P.K. 

110.365 

15. 476 

5. 

T      "D     T''  >,T 

106.559 

1 o . lib 

COvrpEA  STRAW 

SERIES  "A" 

o 

tJ  . 

None 

27.709 

2.803 

3. 

L. 

67.311 

4.673 

4. 

L.P. 

83.331 

9.244 

5. 

L.P.K. 

75.296 

9.784 

6. 

L.P. K.N. 

64.855 

9.913 

C OTOE A  ROOTS. 

SERIES  "A". 

2. 

None 

2.716 

0.688 

3. 

L. 

6.561 

1.843 

4. 

L.P. 

4.554 

1.323 

5. 

L.P.K. 

4.286 

1.756 

6 . 

L.P.K,!'', 

4.511 

1.829 

I 


96 


AMOUNT  OF  FERTILITY  PER  ACRE  IN  COWEAS. 
.    GRAIN  AND  STRA^V. 


SERIES  "A" 

Vo, 

Treatment 

Lbs.  Nitrogen 

Lb  s .  Pho  s'ohorus 

2. 

None 

92.360 

9.095 

3. 

L. 

130.551 

4. 

L.P. 

182.212 

5. 

L.P.K. 

185.661 

6. 

L.P.K.N. 

171.414 

TOTAL  AMOUNT  OF  FEITILITY  PER  ACRE 

IN  COWPEAS. 

GRAIN , 

STRAW  AND  ROOTS. 

SERIES  "A" 

No 

Treatment 

LlDs.  Nitro,2:en 

Lbs.  PhosphoruG 

1 

None 

95.076 

9.783 

3. 

L. 

137.112 

12.299 

4. 

L.P. 

186.766 

24.236 

5. 

L.P.K. 

189.947 

27.016 

G. 

L.P.K.N. 

175.925 

24.858 

97 
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YIELDS  OF  SOY  BEANS. 
SERIES  "A" 


No. 

Treatment 

No. 

Pods 

Cr.  Stra'vv 
Per  Pot 

T. Straw 
Per  A. 

Gr.Peas 
Per  Pot 

LlDs.  Peas 
Per  Acre 

2, 

None 

25 

11.09 

0.8872 

3.91 

625.6 

3. 

L. 

33 

9.85 

0.7880 

5.25 

840.0 

4. 

L.P. 

26 

12.570 

1.0056 

4.73 

756.8 

5. 

L.P.K. 

33 

14.56 

1.1648 

6.04 

966.4 

6. 

L.P.K.N. 

29 

9.380 

0.7504 

4.62 

739.2 

SERIES 

2. 

None 

25 

9.940 

0.7952 

4.26 

681.6 

3. 

L. 

18 

11.860 

0.94SR 

3.04 

486.4 

4. 

L.P. 

19 

9.56 

0.7648 

3.54 

566.4 

5. 

L.P.K. 

33 

12.30 

0.9840 

4.' 80 

768.0 

6. 

L.P.K.N. 

29 

14.95 

1.196 

5.05 

808.0 

WEIGHTS  OP  SOY  BEAN  ROOTS. 
SERIES  "A" 


No. 

Treatment 

Gr.  Per  Pot 

Tons  Per  Acre 

2. 

None 

2.86 

0.2288 

3. 

L. 

2.66 

0.2128 

4. 

L.P. 

4.26 

0.3413 

5. 

L.P.K. 

4.04 

0.3232 

6. 

L.p.i:.N. 

2.51 

0.2008 

98. 


The  growth  of  the  soy  beans  v/as  very  unsatisfactory, 
they  "being  wither  stimted  in  their  growth  by  the  oold  \7eather 
or  souie  unknoiim  cause.    The  gro?/th  seemed  to  bear  no  relation 
at  all  to  the  fertilizers  applied.    This  is  the  only  case  in 
which  the  ap'olication  of  phosohorus  did  not  show  a  decided 
increase  in  the  growth  of  the  leguiTie. 
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II 

COMPOSITION  OP  SOY 

BEAN  GRAIN 

( Dry  Basi 

••J  y  • 

SERIES  "A 

No. 

Treatment 

fj  Moisture 

'^3  Nitrogen 

Phosphorus 

11  ^* 

None 

5.374 

4.888 

1.033 

!  3. 

T, 

*_/  »  J_  »-/  ^ 

4.123 

0.929 

4. 

L.P. 

6.609 

5-212 

1  071 

5. 

L.P.K. 

6.213 

4.907 

1.108 

6. 

L.P. K.N. 

6.337 

5.030 

1.050 

1 

1 

COMPOSITION  OF  SOY 

BEAN  STRAW. 

! 

(Dry  Basis) 

SERIES  "A 

tt 

• 

1  No 

Treatment 

fj  Moisture 

^f)  Nitrogen 

4o  PhosTOhorus 

/ 

2. 

None 

7.903 

1.588 

0.203 

3. 

L. 

8.171 

1.627 

0.270 

L.P. 

7.764 

1.570 

U  .  o  O  J. 

!  5. 

L.P.K. 

7.579 

1.522 

0 . 424 

6. 

L.P. K.N. 

8.126 

1.438 

0 . 448 

COMPOSITION  OF  SOY 

BEAN  ROOTS. 

( Dry  Basis ) 

SERIES  "A 

It 

• 

1^0. 

Treatment 

i'.loirjture 

-.J  Niti'o^^en 

'/J  Phos'ohorun 

1  ^• 

None 

4.602 

0 . 550 

0.191 

3. 

L. 

5.318 

0.566 

0.211 

4. 

L.P. 

3.653 

0.733 

0.393 

i 

L.P.K. 

4.449 

0.591 

0.355 

!!  G. 

L.:^.K.N. 

4.439 

0 .  504 

0.249 

There  seems  to  be  no  difference  in  nitrogen  except  in 
the  roots,  v/here  there  is  foimd  a  slightly  larger  per  cent 
in  Pots  3,  4,  &  5  which  is  probably  due  to  a  better  inocula- 
tion of  these  pots. 

In  all  oases  a  larger  per  cent  of  phosphorus  is  found 
in  the  produce  from  Pots  4,  5,  &  6  than  from  that  of  Pots 
2      3.    This  increase  is  much  greater  in  the  straw  and  roots 
than  in  the  grain. 

The  relation  of  the  application  of  phosphorus  to  the 
oomposition  of  the  produce  is  born  out  in  the  case  of  all 
four  legumes  v^hich  establishes  the  fact  that  phosphorus 
added  to  this  soil  v/hich  is  low  in  phosphorus  will  material- 
ly increase  the  phosphorus  content  of  the  produce. 
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AMOUNT  OF  FERTILITY  PER  ACRE  IW  SOY  BEANS. 
SOY  BEAN  GRAIN. 
SERIES  "A". 


llo. 

Treatrtieiit 

Lbs.  Nitro?;en 

Lt) s .  Plios'oliorus 

2. 

None 

28.986 

6.126 

3. 

L. 

40.881 

7.413 

4. 

L.P. 

36.953 

7.593 

5. 

L.P.X. 

44.654 

10.083 

6. 

L.P. K.N. 

34.959 

7.298 

SOY  BEAN  STRAW. 

SERIES  "A". 

2. 

None 

25.997 

3.337 

3. 

L. 

22.192 

3.683 

!  ^- 

L.P. 

29.S96 

10.282 

1  5. 

L.P.K. 

32.9-51 

9.179 

6 

L.P. K.N. 

19.959 

6.773 

SOY  BEAN  ROOTS. 

1 

SERIES  "A". 

1  " 

None 

2.409 

0.837 

3. 

L. 

2.287 

0.852 

4. 

L.P. 

4.841 

2.683 

5. 

L.P.K. 

3.65fi 

2.196 

L.P. K.N. 

1.935 

0.556 

1 

! 

AMOUNT  OF  FERTILITY  PER  ACRE  IN  SOY  BEANS 
GRAIN  AND  STRAW. 
SERIES  "A" 


No. 

Treatraent 

Lbs.  Nitrogen 

Lbs.  Phosphorus 

2. 

None 

54.983 

9.463 

3. 

L. 

63.073 

10.096 

4. 

L.P. 

66.294 

17.875 

5. 

L.P.K. 

77.605 

19.262 

6. 

L.P. K.N. 

53.918 

14.071 

li  TOTAL  AMOUNT  OF  FERTILITY  PER  ACRE  IN  SOY  BEANS. 


GRAIN,  STRAW,  AND  ROOTS. 
SERIES  "A" 


llo. 

Treatment 

Lbs.  Nitrogen 

Lbs.  Phos"ohGruc. 

2. 

None 

57.392 

10.300 

3. 

L. 

65.360 

10.948 

4. 

L.P. 

71.135 

20.558 

II 

!'  5. 

L.P.K. 

81.263 

21.458 

1  6. 

L. P.K.N. 

55.853 

14.627 
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PERCENTAGE  OP  NITROGEN  IN  LEGUlv(ES. 
GRAIN. 


No . 

Treatiuent 

Clover 

Vetch 

C07;pea 

Soy  Bean 

2. 

None 

0 

0 

4.142 

4.888 

.3. 

L. 

0 

0 

4.407 

5.123 

4. 

L.P. 

0 

0 

4.181 

5.212 

5. 

L.P.K. 

0 

0 

4.065 

4.907 

6. 

L.P. K.N. 

0 

0 

4.119 

5.030 

1 

HAY  OR  STRAW 

2. 

None 

2.381 

1.481 

1.453 

1.588 

3. 

L. 

2.294 

1.325 

1.959 

1.627 

4. 

L.P. 

2.649 

1.459 

1.794 

1.570 

5. 

L.P.K. 

2.500 

1.402 

1.725 

1.522 

6. 

L.P. K.N. 

2.640 

1.497 

1.773 

1.438 

"  ROOTS. 

2, 

None 

2.005 

2.165 

0.742 

0.550 

3. 

L. 

2.126 

2.493 

0.687 

0.566 

4. 

L.P. 

2.216 

0.792 

0.733 

5. 

L.P.K. 

2.119 

2.044 

0.942 

0.591 

6. 

L.P. K.N. 

1.861 

1.667 

0.856 

0.504 

I 
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I 

POUNDS  PER  ACRE  OP  NITROGEN  IN  LEGUMES. 


Grain. 

No. 

Treatment 

Clover 

Vetch 

Covnoeas 

V  V/  !■  JN»         1_A  fcJ 

Sov  Reanc; 

2. 

None 

0 

0 

65.651 

28.986 

3. 

L. 

0 

0 

63.240 

40.881 

4. 

L.P. 

0 

0 

98.881 

36.953 

5. 

L.P.K. 

0 

0 

110.365 

44.654 

6. 

L.P. K.N. 

0 

0 

106.559 

34.959 

i                                                      KAY  OR  STRAW. 

2. 

None 

80.764 

8.190 

27.790 

25.997 

3. 

L. 

87.699 

11.899 

67.311 

22.192 

4. 

L.P. 

181.774 

68.733 

83.331 

29.296 

5. 

L.P.K. 

239.675 

46.799 

75.296 

32.951 

6. 

L.P. K.N. 

165.845 

50,988 

64.855 

19.959 

ROOTS. 

2. 

None 

35.869 

19.611 

2.716 

2.409 

3. 

L. 

28.701 

12.315 

6.561 

2.287 

4. 

L.P. 

63.200 

4.554 

4.841 

5. 

L.P.K. 

82.980 

36.955 

4.286 

3.G53 

6. 

L. E.K.N. 

83.522 

42.142 

4.511 

.1.935 

j 
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PERCENTAGE  OP  PHOSPHORUS  IN  LEGUIvIES. 
GRAIN. 


No. 

Treatment 

Clover 

Vetch 

007.136  as 

Soy  Beans 

2. 

None 

0 

0 

0 , 397 

1.033 

•7 

o . 

T 

Li  . 

u 

o 

U  ,  4Uo 

u .  y<;y 

A 

4  . 

T  P 

\j 

n 

u  »  O  1  o 

1 .  U  r  1 

O  . 

T     P  TT 
Jj  .  r  .  A.  , 

u  * 

n 
u 

U  ,  O  »  U 

T      T  HQ 

c 

D  . 

T     P    Tf  T-T 

A 

U 

0 

u 

U  ,  OU  f 

X  .  u  ou 

II 

HAY 

OR  STRAW. 

2. 

None 

0.163 

0.325 

0.147 

0.203 

3. 

L. 

0.203 

0.257 

0.136 

0.270 

4. 

L.P. 

0.425 

0.708 

0.199 

0.551 

5. 

L.P.K. 

0.429 

0.783 

0.223 

0.424 

6. 

L.P. K.N. 

0.344 

0.736 

0.271 

0.448 

ROOTS. 

2. 

None 

0.191 

0.188 

0.191 

3. 

0.211 

0.193 

0.211 

4. 

L.P. 

0.423 

0.561 

0.230 

0.392  : 

5. 

L.P.K. 

0.310 

0.386 

0.355 

6. 

L. P.K.N. 

0.555 

0.347 

0.249 

I 
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POUNDS  PER  ACRE  OP  PHOSPHORUS  IN  LEGUMES. 

GRAIN. 


No . 

^  -~-               VIaXV^  _  _  w 

Clover 

Vetch 

\j  \j  *  •     ^  c- 1  ;> 

2, 

None 

0 

0 

6.292 

6.126 

3. 

L. 

0 

0 

5.783 

7.413 

4. 

L.P. 

0 

0 

13.669 

7.  593 

5. 

L.P.K. 

0 

0 

15.476 

10. 083 

6. 

L .  P .  K .  IT . 

0 

0 

13.116 

7 . 298 

i 

HAY  OR  STRAW 

• 

2. 

None 

4.929 

1.797 

2.803 

3.337 

3. 

L. 

7.761 

2.308 

4.673 

3 . 633 

4. 

L.P. 

29.164 

33.354 

9.244 

10.282 

5. 

L.P.K. 

41.145 

26.137 

9.784 

9.179 

6. 

L. P.K.N. 

21.610 

25.068 

9.913 

6.773 

ROOTS. 

2. 

None 

3.417 

0.68S 

0.837 

3. 

L. 

2.849 

1.843 

0.852 

4. 

L.P. 

12.064 

23.383 

1.323 

2.683 

5. 

L.P.K. 

12.140 

1.756 

2.196 

6. 

L.P.K.n. 

16.932 

1.829 

0.556 

I 
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POUNDS  OP  PHOSPHOSUS  REMAINING  AFTER  OAT  CROP. 

PER  AGPJS. 


No. 

Treatment 

Clover 

Vetch 

CoT.vpeas 

Soy  Beans 

4. 

L.P. 

119.169 

119.169 

119.169 

119.169 

5. 

L.P.K. 

118.924 

118.924 

118.924 

118.924 

6. 

L. P.K.N. 

64.747 

64.747 

64.747 

64.747 

POUNDS  OP  PHOSPHORUS  REMAINING  AFTER  LEGUMES. 

PER  ACRE. 

]lo. 

Treatment 

Clover 

Vetch 

C07;'pea.s 

Soy  Beans 

4. 

L.P. 

77.941 

83.366 

94.933 

98.611 

5. 

L.P.K. 

65.639 

92.135 

91.908 

97.466 

6. 

L.P. K.N. 

26.205 

39.280 

39.889 

50.120 

'I 


108 

METHOD  OP  GUTTING  CROP. 

The  oats  were  cut  v;ith  a  Gorninon  paij?  of  shears  leaving 
a  stublDle  of  exactly  six  inches  which  is  about  the  same  as 
is  left  by  field  cutting. 

The  legumes  were  all  cut  in  the  same  manner  except  that 
a  stubble  of  one-half  inch  instead  of  six  inches  was  left. 

MEIHOD  OF  TURWIIIG  UNDER  CROP. 

The  legumes  of  series  "C"  were  turned  under  immediately 
after  cutting.    After  cutting  the  surface  five  inches  of  a 
soil  was  removed  from,  the  pot.    The  legumes  were  then  cut  in- 
to pieces  of  about  one  inch  in  length  and  placed  on  top  of 
the  sub-surface  which  had  been  previously  pulverized.  Then 
the  surface  soil  was  replaced.    The  pots  v;ere  then  Kept  thor- 
oughly watered  until  the  wheat  crop  was  planted  in  order  to 
hasten  the  decay  of  the  legumes. 

IffiTHOD  OP  REMOVING  ROOTS. 

The  roots  from  series  "A"  were  removed  for  analysis.  In 
all  cases  the  roots  from  the  surface  and  sub-surface  soil 
were  removed  separately"  in  order  that  the  soil  might  not  get 
mixed.     In  removing  the  roots  a  very  fine  toothed  rake  was 
used  so  as  to  remove  as  many  of  the  roots  as  possible,  care 
especially  being  used  in  securing  all  the  tubercles. 
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PREPARATION  OF  THE  SOIL  FOK  TPIE  VHiEAT  CROP. 

Immediately  after  cutting  the  legiunes  the  soil  was  pre- 
pared for  the  wheat.    The  surface  and  sub-surface  were  sep- 
arately pulverized  and  fertilizers  applied  in  the  same  man- 
ner as  "before.    The  same  amounts  of  dried  blood,  steamed 
bone  meal,  and  Potassium  Sulphate  were  a^ded  as  before,  but 
no  additional  application  of  lime  was  made. 

After  the  fertilizers  were  applied  the  pots  we^^e  thor- 
oughly watered,  and  those  of  the  series  7;hich  had  legumes 
turned  under  were  kept  well  moistened  until  about  two  weeks 
before  the  planting  of  the  wheat.     This  was  to  a-isist  the 
decompof^ition  of  the  green  material  turned  under. 

PLANTING  THE  WHT^AT. 
The  method  used  in  planting  the  ^j/heat  was  practically 
the  same  as  that  used  in  planting  the  oats.    About  an  inch 
of  soil  was  removed  from  the  pot  and  approximately  twenty- 
five  grains  of  v/heat  evenly  distributed  over  the  surface. 
The  soil  vrhich  had  been  removed  v;as  then  returned  to  the  pot. 
The  wheat  use-T  was  a  variety  of  Spring  Tneat  obtained  from 
the  Mi  mesota  Agricultural  Experimental  Station.    The  plant- 
ing was  done  on  Pebr.  6,  1904,  and  when  completed  the  pots 
were  thoroughly  watered. 
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NOTES  ON  GROWTH  OF  WHEAT. 

PEBR.   16,  1904. 
The  wheat  is  about  all  up,  most  of  it  beins  about  an 
inch  high  though  some  is  just  appearing  above  the  surface  of 
the  soil. 

FEBR.   19,  1904. 

The  v;heat  was  thinned  to  fifteen  plants  per  pot. 


FEBR.   29,  1904. 

There  is  a  notioable  difference  in  the  growth  of  the 
wheat.    That  in  pots  4,  5,  &  6  of  all  series  being  larger 
than  that  in  pots  1,  2,  &  3.     There  is  no  definite  difference 
between  that  in  pots  1,  2,  &  3  although  that  in  pots  2  <^  3 
tends  to  be  a  trifle  better  than  that  mf  pot  1.    There  is  no 
regularity  in  the'  variation  between  the  growth  of  the  wheat 
on  pots  having  grown  the  different  legumes. 

MAR.  2,  1904. 

Planted  clover  in  the  wheat  of  the  seriec  which  grew 
clover  before. 

MAR.   3,  1904. 

Planted  vetch  in  the  wheat  of  the  sereis  which  grew 
vetch  before. 


Ill 


MARCH  18,  1904. 

There  is  lit  Me  difference  in  the  growth  of  the  wheat 
in  pots  1,  2,  &  3  in  Series  k  Sr  B,      In  Series  "0",  in 
which  the  legiunes  wece  turned  under,  the  growth  of  the  wheat 
in  pots  2  &  3  in  the  clover  and  soy  bean  series  is  better 
than  that  in  pot  l  of  the  same  series.     In  the  case  of  the 
vetch  and  cowpea  series  this  di'-Terenoe  has  not  yet  appeared. 
The  wheat  in  pots  2  "G"  5:  3  "C"  of  the  clover  and  soy  bean 
series  has  stooled  out,  but  these  are  the  only  ones  to  which 
no  fertilizer  was  applied  which  have. 

The  clover  e^nd  vetch  series  show  a  slightly  better 
growth  than  the  soy  bean  and  cov/pea  series;  this  being  espe- 
cially noticable  in  the  case  of  pots  4,  5,  &  6  of  each  series. 
Series  "A"  does  not  shov/  much  variation  in  V'll^  respect.  The 
grov/th  in  Series  "0"  is  still  better  than  that  in  Series  "A" 
and  "B".    There  is  little  difference  betv/een  Series  "A"  and 
Series  "B". 

MARCH  28,  1904. 
Photographs  were  taken  of  the  clover  series. 

There  is  some  iliriation  in  the  growth  of  the  wheat  in 
the  different  legume  series.    The  clover  and  vetch  series 
are  about  equal  ao  to  growth  and  are  somewhat  better  than 
the  soy  bean  and  cowpea  series  which  are  also  about  equal 
as  to  growth.     Series  "A"  &  "B"  cov^noeas  are  better  than  the 
same  series  of  soy  beans;  but  Series  "G"  covrpeas  and  the  ssjne 
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series  of  soy  beans  are  about  equal  as  to  gro7:tli.     In  all 
case 3  the  wheat  looks  healthy  and  vigorous.    There  se'^^^ms  to 
be  a  slight  tendency  f o\'  the  growth  in  pots  4  &  5  to  be  bet- 
ter than  that  in  pot  6  in  Serieo  "A"  &  "B"  though  t-iis  is 
not  true  in  Serie?^  "C". 

Series;  "B"  is  in  all  cases  better  than  Series  "A"  though 
th:-  difference  is  slight,     Serien  "C"  is  in  all  cases  con- 
siderably better  than  Sei'ies  "B".    This  is  evidently  due  to 
the  effect  of  the  legi.unes  turned  under. 

The  Chech  pots  run  very  uniforra  in  all  series. 

Without  reference  to  the  legumes  the  wheat  in  pots  4, 
5  &  6  is  far  better  than  that  in  pots  1,  2,  &  .3.     This  shows 
the  effect  of  the  phosphorus  since  pot  4  is  in  all  cases  as 
good  as  pots  5  &  6.    Pots  2  &  3  of  Series  "C"  are  about 
equal  in  growth  and  considerably  better  than  pot  1.  This 
is  especially  noticable  in  the  case  of  the  clover  and  soy 
bean  series  while  in  the  case  of  the  vetch  and  covrpea  series 
the  difference  is  very  slight. 

In  Series  "B"  pots  1,  2,  &  3  of  all  legumes  show  little 
difference  in  the  growth  of  the  wheat  either  between  the 
different  legurne  series  or  betw-en  these  pots  of  the  same 
legume  series. 
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HEIGHT  OP  ?mEAT  MARCH  S8,  1904. 


Ho. 

Clover 

Vetch 

CoYTpeas 

Soy  Beans 

1. 

7 

7 

7 

7 

2. 

7.5 

7 

7.5 

7 

S. 

7.5 

7 

8 

7 

4. 

14 

14 

13 

13 

5. 

14 

14 

13 

12 

6. 

12 

14 

14 

14 

1. 

7 

7 

8 

7 

2. 

8 

8 

8 

7 

5. 

7 

8 

8 

7 

4. 

12 

14 

12 

• 

12 

5. 

14 

14 

12 

12 

6. 

14 

14 

14 

12 

1. 

7 

7 

8 

7 

2. 

9 

8 

7 

9 

5. 

9 

8 

8 

10 

4. 

15 

15 

13 

13 

5. 

15 

15 

13 

14 

6. 

15 

15 

13 

14 

The  height  of  the  v/heat  It  not  a  flefinite  index 


to  the  grov/th  at  this  tine. 


If7 


APRIL  2,  1904. 
Tcolc  photographs  to-da3''. 

APRIL  5,  1904. 

The  wheat  in  the  pots  5  "A"  is  somev;hat  paler  In  color 
than  that  in  either  4  "A"  or  6  "A"  and.  the  lowor  leaves  ap-^ 
pear  to  be  somewhat  unhealtjiy. 

Pots  4,  5,  &  6  "A"  shwn  a  larger  and  better  growth  than 
pots  4,  5,  &  6  "B".    This  is  unexpected  and  no  reasons  can 
be  a  ssigned. 

Of  the  legume   series  vetch  seems  to  be  a  little  ahead 
of  the  rest.    The  other  serien  are  practically  equal. 

APHIT.  3,  1904. 

The  v;heat  in  pots  4,  5,  &  6,  all  serien,  has  been  making 
very  rapid  growth.     Serie:-  "C"  has  made  the  best  growth. 

The  wheat  in  pots  4  Sr.  5  of  both  Serien  "A"  &  "B"  han 
a  oale  hue  due  to  lack  of  nitrogen.    This  not  shov/ing  in 
Series  "C"  irj  evidently  due  to  the  presence  of  organic  ni- 
trogen from  the  legumes  turned  under.    There  are  more  dry 
leaves  at  the  bane  of  "C"  4  than  at  "0"  5  &  6.    The  vetch 
series  series  continues  to  make  the  best  g-rowth.     Series  "0" 
oowpeas  pots  4  &  5  seem  to  be  much  lighter  in  color  than  the 
rest  of  the  series.     The  clover,  soy  bean,  and  cov/pea  series 
sh07/  no  especial  differences. 


APRIL  15,  1904. 
"A"  1  -Sc  2  and  "B"  1  S:  2  are  about  equal  as  to  growth. 
Pots  1  &  2  of  each  series  are  about  equal  to  each  other.  "B" 

3  is  better  than  "A"  3:  "B"  4  .'^  5  better  than  "A"  4      5;  "B" 

4  &  5  being  more  thrifth  and  spreading  in  growth.     In  both 
canerr  they  a^e  much  lighter  in  color  than  6  of  the  sane  ser- 
ies.    Due  to  laclc  of  nitrogen. 

The  wheat  in  pots  1,  2,  &  3  of  all  three  series  holds 
its  color  well  but  is  far  behind  the  others  of  the  series. 
The  growth  in  pots  2  &  3  "C"  is  better  than  that  in  pots 
2  &  3  "A"  &  "B".    The  growth  i^i  the  check  pots  runs  very 
even  throughout  all  series.    The  grov/th  in  oot  6  of  all  three 
series  is  better  than  that  in  pots  4  &  5  both  as  regards 
growth  and  foliage.      "C"  6  is  somewhat  better  than  the  same 
pot  in  Series  "A"  &  "B". 

As  a  series  "0"  is  considerably  better  than  "A"  &  "B". 

Of  the  legume  series  vetch  still  leads.    The  clover 
and  cowpea  series  are  about  equal  while  the  soy  bean  series 
is  not  a«  good  as  these.     "C"  2  Sr.  3    cowpea  and  vetch  are 
not  doing  as  well  aB  the  same  pots  in  the  clover  aiid  soy  bean 
series. 


APRIL  28,  1904. 
Series  "C"  is  far  better  than  either  Series  "B"  or 
Series  "A".    Pot  6  is  the  best  in  each  series,  has  stooled 
out  more  and  made  a  more  vigorous  growth.    The  vetch  series 
is  still  the  best  while  the  soy  bean  series  is  the  poorest. 
4  &  5  are  still  somerwhat  pale  in  color. 

MAY  5,  1904. 
Photographs  were  taken  as  follows: - 
"A"  3  -    Clover,  vetch,  cowpeas,  and  soy  beans. 


"A"  —  w  »  »  nnii 

"  B "  3  —  "  "  "  tf        «  « 

"  B "  4  —  "  "  WW  » 

•*  C "  3  —  "  "  "  II       "  II 

*  C "  4  —  "  "  "  i»       w  ft 


"A"  3  Clover,  "A"  4  Clover,  "B"  3  Clover,  "B"  4  Clover, 
"C"  3  Clover,   "C*  4  Clover. 


MAY  7,  1904. 

The  vetch  series  still  shows  a  little  the  best  growth; 
the  clover  series  being,  ho7;ever,  nearly  as  good.    The  ;?7heat 
-in  the  clover  series  is  nore  stalk^''  in  some  cases  although 
not  as  high  as  that  in  the  vetch  series.    The  yield  of  V7heat 
on  the  clover  series  ''jvill  probably  be  equally  as  good  as 
that  on  the  vetch  series.    The  cowpea  series  shows  a  good 
growth,  being  nearly  as  good  as  the  clover  and  vetch  series 
"A"  &  "B",  but  the  grov/th  is  not  nearly  so  much  increased 
by  turning  under  the  legume  in  S'-^ries  "C  as  in  the  case 
of  the  vetch  and  clover.    The  soy  bean  series  shows  ^-.uch 
poorer  growth  than  any  of  the  other  series.    Pots  6  "C"  and 
6  "B"  of  this  series,  especially  the  latter  show  a  growth 
that  Sf^eins  to  have  been  dv/arfed  at  an  earlier  period  in  its 
growth.     6  »B"  has  stooled  out  nicely  but  the  stallis  seem 
to  be  stunted. 

There  is  little  difference  betw-en  Series  "A"  and  Series 
"B",  not  as  much  as  there  ^.vas  a  fev;  weeks  ago,  but  Series  "G" 
is  still  a  great  deal  better  than  either  "A"  or  "B".  The 
wheat  in  pot  1  of  all  series,  although  showing  some  variation 
is  quite  uniform.     In  most  cases  1  "C"  and  1  "B"  S':;em  to  be 
a  litole  better  than  1  "A".     In  only  a  few  cases  ha  ■■  the 
wheat  in  pot  1  stooled  out  and  some  of  the  lower  leaves 
have  turned  yellow. 


Pots  No.      &  3  in  Series  "A"  correspond  favorably  with 
each  other.     There  is  little  difference  between  clover,  vetch, 
and  cov/peas  No.  2  &  3  Series  "A",  but  No.  2  Sr.  3  soy  bean  does 
not  show  as  good  a  growth.     No.  2  &  3  "A"  soy  bean  is  little 
if  any  better  than  No.  1. 

No.  2  8-3  Series  "B"  correspond  favorably  with  eich 
other:  clover,  vetch,  and  co?/peas  2  S:  3  showing  about  equal 
gro?:th  being  better  than  the  corres  ending  pots  in  the  soy 
bean  series.    The  grov/th  in  2  &  3  "B"  is  possibly  a  little 
better  in  most  cases  than  that  in  the  corresponding  oots  in 
Series  "A",  but  there  is  no  marked  difference.      In  Series 
"B"  as  in  Series  "A"  there  is  little  difference  between  the 
grov>rth  in  pots  2  .5:  3  and  that  in  pot  1,    Pots  2  &  3  in  Ser- 
ies "B"  show  about  the  same  growth  for  each  legume,  the  vetch 
and  clover  being  a  trifle  the  best.     In  this  case  thc^  S03'' 
bean  series  shows  a  little  better  gro'i'^th  than  the  cowpea  ser- 
ies.    The  stalks  in  this  case  seem  to  be  lesn  yellow  than  in 
the  same  pots  in  "A"  &  "B".     In  the  clover  series  No.  2  ?/■.  3 
are  better  than  No.  1,  but  in  the  cowpea  series  So.  1  shows 
the  better  growth. 

No.  4  &  5  in  all  cases  are  about  equal,  the  potassiiun 
showing  practically  no  effect. 

No.  4  ?'r.  5  Series  "A",  clover  and  vetch,  show  the  best 
growth  of  the  series  of  legumes;  oowpeas  are  nearly  as  good, 
but  the  soy  beans  noticably  poorer.    In  all  cases  the  lov/er 
leaves  and  lov/er  parts  of  the  stalk  are  yellow,  showing  the 


the  laclc  of  nitrogen.     They  are  however,  in  all  cases  much 
"better  than  No.  1,  2,  &  3  in  the  same  series. 

No  4  &  5  in  Series  "B"  are  possibly  a  little  better 
than  the  corresponding  pots  in  Series  "A".    In  the  soy  bean 
series  the  growth  of  the  v/heat  is  equally  as  good  in  No.  4 
&  5  "A"  as  it  is  in  No.  4  &  5  "B".    The  lower  leaves  and 
stalks  in  No.  4  <"<  5  "B"  are  yellow  the  same  as  in  Series  "A". 
The  clover,  vetch,  and  covrpea^  are  of  rather  uniform  grov/th; 
while  the  so3''  bean  series  is  much  poorer.    No.  4  &  5  "C" 
clover,  vetch,  and  soy  bean  series  show  a  much  better  growth 
than  the  corresoonding  ones  in  Series  "A"  &  "B".     The  leeives 
are  of  a  much  darker  green  color  and  the  grov/th  more  stalky. 
In  the  case  of  the  cowpeas,hov;ever,  the  growth  is  little  if 
any  better  than  that  in  Series  "A"  &  "B".    In  this  case  the 
clover  and  vetch  show  the  best  growth;  the  vetch  being  higher 
but  the  clover  more  stalky.    The  soy  bean  and  cov/pea  series 
both  show  poor  growth. 

No.  6  in  all  case?;  shows  a  stalky  growth  and  a  dark 
green  color.    No.  6  in  Series  "A"  shows  a  stalky  and  health- 
ier growth  than  the  other  pots  of  the  series.    The  growth 
in  the  vetch,  clover,  and  cowpea  series  is  about  the  same 
but  that  in  the  soy  bean  series  is  poorer.    In  all  cases  in 
this  series  the  grov/th  is  better  in  No.  6  than  in  the  others. 

No.  6  Series  "B"  clover,  vetch,  and  cowoea  series  show 
about  the  same  grov/th  and  the  corresponding  ^ots  in  Series 
"A".    The  wheat  in  pot  6  is  a  darker  green  in  color  and  more 
stalky  in  grov/th  than  in  other  pots  of  Series  "B"    No.  6 
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"B"  soy  bean  series  is  of  a  dark  gr  en  color  and  stalky,  but 
is  short  Seeming  to  be  stunted.    It  oho?/s  poorer  growth  than 
6  "A"  soy  bean  series  and  harlly  as  good  as  4  &  5  "B"  soy 
bean  series. 

No.  6  "C",  clover,  vetch,  and  cowpea  series  show  about 
the  r.Biae  growth,  the  two  former  being  a  little  better  than 
the  latter.    They  are  better  than  the  corresponding  pots  in 
Series  "A"  &  "B".    llo.  6  "C"  and  6  "C"  vetch  are  the  best  in 
all  the  series.    No.  6"r!"  clover,  vetch,  and  S03'"  bean  shows 
a  better  growth  of  wheat  than  No.  4      5  of  the  same  series. 
No.  6  "0"  soy  bean  is  better  than  6  "B"  soy  bean,  but  not  as 
good  as  6  "A"  aoy  bean.    It  is  not  nearly  so  good  as  6  "C* 
clover,  cowpea,  and  vetch,  nor  is  it  hardly  as  good  as  5 
"C"  soy  bean. 

MAY  21,  1904. 

The  vetch  series  is  still  leading.    The  clover  and  cow- 
pea series  are  about  equal  and  not  quite  as  good  as  the  vetch 
series.    The  soy  bean  series  is  considerably  poorer  than 
any  of  the  other  series. 

Series  "C"  of  all  the  legume  series  is  much  the  best 
which  must  be  attributed  to  the  turning  under  of  the  legumes. 
Series  "B"  is  a  little  better  than  "A",  but  neither  compare 
well  with  Series  "C". 
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No.  6  of  all  legume  series  is  more  f5tai::y  and  producing 
a  heavier  growth  than  any  of  the  other  pots.    V/hile  all 
others  are  fully  headed  out  No.  6    has  many  heads  which  are 
just  appearing.    It  alGO  has  a  better  color  than  any  of  the 
others.     It  is  not  a^'.  tall  as  No,  5  in  any  caoe  hut  no  con- 
clusions can  be  based  on  this  since  No.  5  has  reached  full 
height  while  No.  6  is  still  growing. 

No.  4  &  5  are  well  headed  out  and  in  all  cases  further 
advanced  than  No.  6.    No.  5  is,  perhaps,  a  trifle  better 
than  No.  4  though  the  difference  in  but  slight. 

"C"  No.  5  is  better  than  "C"  No.  6  in  all  legume  series 
except  the  clover.      "0"  5  is  better  than  "C"  4  except  in 
the  clover  series  where  it  is  ab'^ut  equal  to  it.     "C"  4,  5, 
&  6  are  in  all  cases  much  better  than  "C"  1,  2,  &  3.  "C 
3  is  better  than  "C"  2  except  i  the  cowpea  series.     "G"  2  is 
better  than  "0"  1  except  in  the  cowpea  series.  1  is 

very  even  in  all  the  legume  series.      C"C  6  soy  be^ns  is 
very  small  and  seems  to  be  stunted. 

"B"  1  &  ;^  are  about  equal  except  that  2  soy  bean  is  poor- 
er than  1.     "B"  3  soy  bean  series  is  about  the  same  a^;  2  , 
otherv/ise  No.  3  appears  about  the  same  as  No. 2.    with  the 
exception  of  No.  6  which  is  no  taller  than  No.  1  No.  4,  5, 
&  6  are  much  better  than  1,  2,  &  3.     No.  4      5  are  about 
equal  as  a  whole  though  "B"  ^  clover  series  is  better  than 
"B"  4  of  the  same,  and  "B"  4  vetch  series  is  better  than  "B" 
5  of  the  same  series,    while  B"  6  is  siort  it  is  stalky  and 
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of  gooc".  color.     No.  6  clover  series  is  Vie  'oest  of  the  B"B"  6 
though  the  vetch  is  nearly  as  good.     "B"  6  covrpea  and  soy 
bean  series  are  very  poor, 

*A"  1,  2,  &  3  show  few  differences.     "A"  1  vetch  is  be^t 
then  clover,  cowpea  and  soy  bean.     "A"  2  &  3  r\m  the  same  as 
"A"  1.     "A"  4,  5,  &  6  much  better  than  1,  2,  &  3.     Of  the 
No  4's  "A"  vetch  is  the  "best  then  clover  and  cowpea  which  a 
are  about  equal  to  each  other,  then  the  soy  bean.    No.  4  &  5 
are  nearly  equal.    No.  5  vetch  and  covYoea  are  equal  v/hile 
the  clover  and  soy  bean  are  not  quite  so  good.    N6.  6  runs 
in  the  sarne  order  as  No.  5  though  it  is  not  so  tall  but  more 
stalky. 
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YIELDS 

OP  "/HEAT. 

C'  T.T       r  -I  '  (  ■ 

No. 

Treatment 

NO 

.Headr. 

-t.  Grain 

Wt.Ptrai^/ 

Hu.-oer  /loro. 

lA 

,«one. 

X  O 

12.47  gi 

18.15-  o:r 

33.25 

2A 

Clover 

±  o 

8.74 

12.34  .  . 

22.97 

3A 

"  Lime 

13 

9.77 

13.97'" 

26.05 

4A 

15 

16.64 

2-2.67 

41.37 

5A 

"       "     P.  K 

• 

12 

13.32 

18.45 

35.52 

6  A 

.( •  •• 

• 

■  21.5? 

39C65 

57.38 

VETCH 

f;e^ies. 

lA 

None 

10.73 

14.87  ■ 

28.  Gl 

2A 

Vetch 

9.37 

14.42 

25.15 

3  A 

"  Lime 

12 

10.49 

16.48 

27.97 

II 

"        "  P. 

15 

17.98 

23.90 

47.94 

5A 

"  n 

K. 

lo 

15.82 

19.49 

42.18 

6A 

K. 

V. 

24.68 

38.32 

65.81 

1; 

.■  'J  ■ 

v'luA 

SJij.nlJ'.y  . 

lA 

None  % 

J.  /O 

8.  52 

10.55 

22.72 

il 

'1  2k 

Golf  Peas 

12 

9.06 

13.02 

24.16 

3A 

"  Lime 

12 

9.48 

12.15 

28.28 

4A 

"      "  P. 

12 

12.92 

18.49 

34.45 

5A 

"       »•  P.K. 

12 

12.68 

18.80  • 

33.81 

II  ^ 

P.K. 

N. 

28 

26.  or 

^9.51 

69.38 

BEAN  SET^IES. 

1  lA 

None 

13 

8.68 

11.15 

23.14 

2A 

Sof  Beans 

12 

8.26 

9.29 

3A 

"  Line 

12 

9.80 

10.93 

26.13 

4A 

"        »    P . 

12 

12.  35 

15.79 

33.10 

5A 
6A 

"        "  P.K. 

I! 

 n  

14 

13.07 

22.  rr 

15.89 

".2.86 

34.85 

60.16 

YIELDS  OP  ^'mKAT. 

T^7 

X  '  ^  f 

■  •0. 

Treatment 

No, Heads 

Wt. Grain 

Wt. Straw 

Bu.per  Acre 

la 

None 

12 

19.73 

13.86 

25.4  5 

2B 

Clover 

14 

10.62 

16^88 

28.32 

3B 

"  Lime 

12 

9.94 

14.44 

25.51 

4B 

"        "  P. 

19 

17.48 

24.00 

46.61 

5B 

"         "  P.K. 

21 

20.15 

29.97 

53.40 

6B 

P.K.N, 

34 

24.65 

4  5.34 

65.73 

VETCH  PT^p-IT^S. 

IB 

None 

12 

9,  33 

14.  75 

24.  48 

2B 

Vetch 

12 

9.  56 

15. 45 

25.  49 

3B 

"  Lime 

12 

9.63 

15.55 

25.68 

4B 

"  "P. 

J. 

15.25 

22.45 

40.66 

5B 

'*         "  P .  K . 

12 

16.83 

20.80 

44.88 

6B 

"  ^.K.N. 

^2.85 

23.  22 

now 

PEA  S^^'RIi'IS. 

IB 

None 

12 

8  .  29 

13.  40 

22. 11 

2B 

Cot  Peas 

12 

8.43 

11.80 

22.31 

3B 

"  Line 

12 

9.69 

13.90 

25.84 

4B 

"  P. 

13 

12. «2 

18.20 

33.12 

5B 

"         "  P.K. 

14 

14.60 

20.50 

38.93 

6B 

'•  P.K.N, 

19 

22.17 

37.65 

59. 12 

SOY 

IB 

None 

16 

10.82 

13.80 

28,85 

2B 

Soy  Beans 

12 

7.44 

7.55 

19.84 

3B 

"  Lime 

12 

9.18 

9.90 

24,48 

4B 

« 

12 

13.57 

14.20 

36,18 

5B 

"        "  P.K. 

12- 

12.73 

13.40 

24,11 

GB 

N.  i4 

10.91 

11.95 

29  .  09 
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YIELDS  OP  WHEAT. 

'138 

OT,nVER  <^T;T^TEf^. 

lie  . 

Treatment 

No .  Hes.G.r.; 

wt . Grain 

v/t.  Straw 

■ . ,     -  Acre 

None 

15 

9.  53 

16.35 

25.41 

Clov'er 

18 

15.83 

23.70 

42.21 

I  3C 

"  Lime 

20 

15.62 

24.95 

41.65 

4C. 

II  It 

P. 

24 

25.91 

42.35 

59.  09 

5C 

«  n 

P.K. 

25 

25.00 

36.10 

66.66 

1  60 

♦f  »» 

P.K.N. 

33 

29.78 

59. 9C 

"^7.74 

'OH  SERIES. 

10 

None 

12 

9.77 

15.40 

26.05 

20 

Vetch 

12 

11.16 

18.10 

29.76 

30 

"    L  ine 

19,  50 

24.  03 

40 

n  II 

P. 

20 

22.83 

33.  GO 

60.88 

1  50 

II  II 

P.K. 

24 

22.22 

33.75 

59.22 

ir  II 

P.K.N. 

34 

33.11 

57.00 

88.29 

•*  . 

10 

None 

13 

14.67 

22.15 

39.12 

i  20 

Oo#  Peas 

12 

9.06 

13.00 

24.16 

II 

"  Lime 

12 

9.16 

.13.65 

24.42 

40 

It  II 

P. 

21 

12.38 

21.65 

33.01 

1  5C 

II  It 

P.K. 

21 

13.47 

20.15 

35.92 

65 

•1  •» 

P.K.N. 

27 

40.35 

ROY  R-RAN   S-f^T?TV;;  . 

10 

None 

14 

13.36 

18.70 

35.62 

20 

SOy  Beans 

14 

13.68 

17.75 

36.44 

30 

"  Lime 

14 

13.38 

17.90 

35.34 

'  40 

II  It 

P. 

18 

15.41 

16.65 

41.09 

50 

II  11 

P.K. 

20 

19.69 

25.95 

52.50 

L_  60. 

»  11 

P.K.N. 

22 

19.51 

25.70 

52.02 
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CONCLUSIONS  ON  WHEAT  ^ROP. 
In  drawing  concliisions  on  the  wheat  crop  the  great  varia- 
tion in  the  yield  of  the  check  pots  must  be  considered.  This 
variation  ranges  from  a  yield  of  8.29  gr.  to  14.67  gr.  per  pot; 
a  variation  of  6,38  gr.    This  amount  of  variation  in  the  yields 
of  the  check  pots  is  excessive  and  no  reason  can  "be  given  for 
it. 

The  wheat  in  a  few  of  the  check  pots  st6oled  out,  but  only 
one  or  two  heads  were  produced  and  these  were  usually  small 
and  sometimes  contained  no  grain. 

The  addition  of  phosphorus  increased  the  yield  of  grain 
and  straw  very  decidedly.    The  quality  of  the  grain  was  also 
very  much  improved;  the  grains  being  larger  and  plumper  and 
grading  much  better. 

The  addition  of  potassium  had  no  effect  on  the  yield  of 
wheat,  there  being  a  slight  decrease  in  some  cases  while  in 
others  there  was  a  slight  increase. 

The  addition  of  nitrogen  shows  a  very  decided  increase  in 
the  yield  of  both  grain  and  straw  except  in  the  case  of  Series 
"B",  vetch  and  soy  beans.      There  is  a  large  decrease  in  these 
cases  which  cannot  be  explained.    The  effect  of  turning  under 
the  legimie  ?rop  as  compared  with  cutting  it  off  are  markedly 
in  favor  of  the  former  m.ethod  except  in  the  case  of  cov/  peas. 
In  that  series  practically  no  difference  is  shown  except  in 
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the  case  of  pot  6  where  there  is  a  slight  increase  due  to 
turning  ujider.      The  effect  of  turning  under  the  legume  crop 
varies  frorr>  a  loss  of  0.62  gr,  to  a  gain  of  23,15  gr. ,  "but  it 
should  be  noted  that  there  was  a  loss  in  only  two  cases  and 
that  the  average  gain  was  from  five  to  seven  grams  per  pot. 

Removing  the  whole  of  the  legume  crop  caused  quite  a 
decrease  in  the  yield  of  the  wheat  due  to  the  removal  of  that 
amount  of  plant  food  contained  in  the  legume  crop. 
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GENERAL  CONCLUSIONS. 
I. 

EFFECT  OF  DIFFERENT  FERTILIZERS. 
Nitrogen  had  a  marXed  effect  on  the  yield  of  oats,  in- 
creasing the  grain  from  about  five  to  thirty  five  grams  per 
pot.    That  is,  pots  receiving  lime,  phosphorus, potassiiun,  & 
nitrogen  produced  about  seven  times  as  much  grain  as  the  pots 
receiving  line,  phosphorus,  and  potassium.    The  straw  was  in- 
creased in  about  the  same  proportion.    Phosphorus  alone  in- 
creased the  yield  of  grain  and  stra?7  a  little  over  nineteen 
per  cent.    The  increase  where  nitrogen  was  added  was  un^ues- 
tionablip  due  to  a  large  extent  to  phosphorus.  Phosphorus 
without  nitrogen,  hov/ever,  did  not  give  a  la^ge  increase  be- 
cause the  available  nitrogen  in  this3  soil  is  lo7/  enough  to 
keep  down  even  though  an  abundance  of  phosphorus  is  applied. 
There  were  no  oases  where  nitrogen  was  applied  without  phos- 
phorus.   However,  pets  2  ^.  3  had  legumes  grown  on  them  with- 
out fertilizer.    The  effect  of  these  legumes  upon  the  follow- 
ing wheat  crop  should  be  similar  to  that  of  nitrogen  applied 
alone.    The  yield  was  in  most  cases  not  materially  increased. 
Thus  it  appears  that  either  phosphorus  or  nitrogen  alone  will 
not  greatly  improve  the  producing  capacity  of  this  type  of 
soil.    The  amount  of  nitrogen  and  phosphorus  in  this  soil  is 
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so  low  that  when  either  is  applied  alone  the  increased  pro- 
ductivity of  the  soil  will  be  determined  largely  by  the  amount 
of  the  other  element  already  in  the  soil. 

Lime  in  most  cases  has  been  of  notioable  value  to  the 
legumes.    The  application  of  phosphorus  to  the  legumes  has  won- 
derfully'' increased  their  growth.    Phosphorus  seemed  also  to 
greatly  increased  the  growth  of  the  tubercles  upon  the  roots 
of  the  legum.es.    Potassium  also  shows  a  slightly  beneficial 
effect  while  the  addition  of  available  nitrogen  did  not  in- 
crease the  yield  of  the  crop.    The  presence  of  available  ni- 
trogen s  ;emed  also  to  exert  a  decided  check  upon  the  growth 
of  tubercles  upon  the  roots. 

In  the  wheat  crop  the  application  of  nitrogen  and  of 
phosphorus  gave  a  marked  increase  in  yield  but  potassium  shov/- 
ed  practically  no  effect  on  the  crop, 

II. 

EPFEOT  OF  DIFFERENT  LEGUMES. 

Growing  legumes,  clover  and  vetch,  on  this  soil  \7ith 
oats  has  a  detrimental  effect  on  the  yield  of  the  oat  crop. 
Where  grov;n  together  there  was  noted  a  decrease  of  about 
twenty  five  per  cent  in  the  yield  of  the  oat  crop  as  compared 
with  the  yield  of  oats  when  grora  alone. 

The  effect  of  legumes  upon  the  following  wheat  crop  de- 
pends upon  the  disposition  made  of  the  legume  crop.  Where  t 
the  complete  legume  crop  was  removed,  that  is  roots  and  tops. 
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there  was  a  reduction  of  five  to  twenty  five  per  cent  in  the 
yield,  of  the  wheat  crop.    Where  the  legume  crop  was  cut  off, 
that  is  rei:.oved  as  a  hay  crop,  there  was  a  slight  increase 
in  the  yield  of  the  wheat  crop  varrying  from  ten  to  twelve 
per  cent.      Where  the  legiune  crop  was  turned  under  there  vfas 
an  increase  of  two  to  fifty  percent.        Turning  under  a  catch 
crop  of  legumes  should,  therefore,  be  profitable  on  this  type 
of  soil. 

The  effect  of  the  legume  crop  when  lime  has  been  added 
yo  the  soil  is  slightly  better  than  when  it  ha^.  not  been 
add.ed. 

Of  the  different  legumes  clover  and  vetch  showed  about 
an  equal  effect  while  the  effect  of  cow  peas  was  somewhat 
less.    The  effect  of  soy  beans  was  still  less  probably  dueto 
their  poor  growth, 

III. 

EFFECT  OP  DIFFERENT  LEGUMES  III  CONJUNCTION  WITH  DIFFERENT 
FERTILIZERS. 

The  legumes  and  phosphorus  increased  the  yield  of  wheat 
from  fifteen  to  one  hundred  eighty  per  cunt,  the  greater 
part  of  this  influence  being  due  to  the  phosphorus.      The  in- 
crease is  much  more  marked  when  the  legume  crop  is  turned  un- 
der than  when  it  is  cut  off. 
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The  effect  of  legiime  and  potas'sium  is  but  slight,  the 
increase  in  the  yield  of  v/heat  being  leos  than  ten  per  cent. 
Legume,  phosphorus,  and  potassium  gives  only  a  slight  increase 
in  yi^ld  over  legume  and  phosphorus.      These  results  show 
that  this  soil  contains  enough  potassium  for  a  good  crop  and 
that  legumes  and  potassium  cannot  he  profitably  combined  as 
a  fertilizer  for  it. 

The  effect  of  legumes  and  nitrogen  is  very  marked  where 
the  legume  is  cut  off  and  more  so  where  the  legume  is  turned 
under.      The  greater  part  of  this  increase  is  due  to  the  ni- 
tT^ogen.    The  increase  varies  from  one  hujidred  sixty  five  to 
one  hundred  seventy  five  per  cent  when  the  legume  is  cut  off, 
and  from  seventy  to  two  hundred  and  forty  per  cent  when  the 
legiome  is  turned  under.    Legume  and  nitrogen  caused  a  consid- 
erable increase  over  legume  and  phosphorus  varrying  from 
sixteen  to  one  hcmdred  per  cent,  little  difference  being  not- 
ed whether  the  leguune  is  cut  off  or  turned  under.      These  re- 
sults show  that  this  soil  is  very  low  in  nitrogen  and  that 
greatly  increased  crops  can  be  obtained  by  the  i.ise  of  legixmes 
and  nitrogen,  and  especially  so  by  the  use  of  phosphorus  also. 
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IV. 

EFF^ICT  OF  CUTTING  OFF  AS  COMPARED  ^'.'ITH  TURNING  UND3CR  LEGUl.OCS. 

The  turning  under  of  the  legumes  generally  increased  the 
yield  of  the  following  wheat  crop.    This  is  especially  true 
in  the  case  of  the  vetch,  clover,  and  soy  beans;  the  oowpeas 
producing  only  a  slight  increase  in  the  yield  of  wheat.  The 
average  increase  in  the  yield  of  the  wheat  due  to  the  turning 
under  over  cutting  off  legumes  was  as  follows:-  clover  20.8^3, 
vetch  62.2fo,  cowpeas  1.9fo,  and  soy  beans  51.7^1;. 

V. 

EFFECT  OF  FERTILIZER  ON  THE  COMPOSITION  OF  THE  CROP. 

In  the  case  of  the  oat  crop  nitrogen  shov;s  little  if  any 
effect  on  the  composition  of  the  gr:.in.      Phosphorus  showed 
no  e'^fect  on  the  composition  of  grain  but  increased  the  phos- 
phorus content  of  the  strav/  about  tv/ice. 

The  application  of  nitrogen  to  legumes  had  no  material 
effect  on  the  composition  of  the  crop.    Phosphorus  nearly 
doubled  the  percentage  of  that  element  in  both  roots  and  tops. 
Phosphorus  and  lime  also  increased  in  most  cases  the  percent 
of  nitrogen  in  the  roots  of  the  legumes,  due  to  the  increased 
number  of  tubercles. 

Phosphorus  in  the  case  of  the  oats  and  v/heat  showed  a 
marked  effect  on  the  size  and  quality  of  the  grain.     It  also 
increased  the  size  amd  amount  of  seed  in  the  legumes. 
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